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PREFACE 


In 1969 the National Academy of Sciences (NAS) assembled a panel of 
scientists to "look anew at the foundation of space biology...." Wildlife 
behavior and ecological relationships were among the subjects discussed, 
and reccnrendations were made for "a program for satellite tracking of free 
ranging animals" and for "a panel composed of experts in the various branches 
of ecology and in the use and capabilities of multispectral sensing devices, 
to be convened to carry out an evaluation in depth of this promising 
application.” 

Shortly after the Acaderry report was published NASA launched the Nimbus 
4 sat tel its carrying the Interrogation, Recording and Locating System (IRIS) 
which was used to detect a free roaming elk. The tracking of the elk by 
NASA, Department of the Interior and Smithsonian Institution was successful. 

A subsequent study carried out for NASA revealed that a large number of 
agencies and scientists were interested in the use of satellite techniques 
to monitor wildlife. 

In accordance with the National Aeronautics and Space Act of 1958, the 

recormenda tion s of the NAS, and the interest expressed by Federal and State 

% 

agencies, and representatives of the scientific and technological community, 
meetings held in December 1972 and in February and April 1973 to discuss 
national goals and activities in wildlife resource management. The needs of 
those agencies which have statutory requirements to manage wildlife resources 
and NASA's capabilities in adapting aerospace technology to monitoring wild- 
life were studied, and plans were undertaken to hold a workshop on wildlife 
monitoring in response to national needs. The workshop was held at Santa 
Cruz in September 1973 and resulted in this report. 
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SUMMARY 


This document presents a plan for integrating the various requirements for wildlife monitoring 
with modern aerospace technology. The Wildlife Monitoring Program Plan is responsive to the need 
for wildlife conservation, protection, and management and recognizes the legal requirements 
embodied in almost a hundred legislative acts. Specific wildlife monitoring tasks and hardware 
development programs are designated in this plan to show the user agencies how they can meet their 
goals of maximizing the commercial, recreational, and cultural benefits of our wildlife resources. 
NASA’s participation is restricted to demonstrating the techniques of aerospace technology and 
precludes operational monitoring or r..wagement tasks. 

A careful study of the user agencies’ wildlife management objectives made clear the need for 
quantitative models relating the health, vigor, and population dynamics of the animals in relation to 
natural perturbations in the natural environment or those induced by man. The immediate need is 
for data on animal location, numbers, habitat, and behavior/physiology in order to construct these 
management models. Parallel to the development of management models, efforts in monitoring 
instrumentation, communications equipment microminiaturization, and data interpretation are also 
required. 

To verify the monitoring methodology and keep the tasks to a manageable level, the Wildlife 
Monitoring Program Plan is based on an evolutionary growth from domesticated animals and larger 
animals to smaller, more scarce, and more geographically remote species. Animals were selected for 
initial investigation largely on the basis of the 1973 Santa Cruz Summer Study on Wildlife Monitor- 
ing (included as appendix A), with additional consideration given to those animals that are more 
easily handled, those for which more experience has been accumulated, or those that are more 
acceptable to the general public. The animals chosen for initial investigation are cattle, gray whale, 
walrus, dog, and duck. The scope of the program will grow, for inst; - ce, from whale to porpoise, to 
large fish and then to smaller fish. In another instance, it w*ll expand from dogs to wolves, through 
bears, cougars, and other predators. As the handling techniques and technology are developed for 
each animal, the monitoring and management tasks will be interfaced with user agencies for the 
eventual operational phase. The mqjor NASA effort is therefore initially restricted to demonstra- 
tion programs on only five principal species, where the value of using aerospace technology can be 
realized with the maximum chance of success. 

The Wildlife Monitoring Program involves laboratory investigations of animal behavior and 
physiology as well as electronics research and development. These efforts support the monitoring 
tasks undertaken by field parties, remote field stations, aircraft, and satellites. F.ach data collection 
method, operating in its own unique way, contributes to the total information-gathering process. 
Used to best advantage, satellites ” ,; ll gather synoptic data on habitat and meteorology. Satellites in 
sun-synchronous and similarly low orbits will also be used to locate and track animals. At the same 
time, geosynchronous satellites can serve the unique function of continuously relaying data over 
much of the earth’s surface. Aircraft will be used largely to image habitats and, in some cases, image 
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animals directly. Field stations will be used principally to gather meteorological data, hut they can 
also be used as data relay links or as reference points in animal tracking. Field parties will be 
required for ground truth and behavior monitoring and they will also bo used to perform such 
functions as animal tagging, harnessing, or maintaining field stations. The program will be carried 
out at Ames Research Center, Goddard Space Flight Center, Johnson Space Center, and the 
facilities at Wallops Station. 

The development of technological and management methods for wildlife monitoring could 
involve NASA to the extent of $7 or $8 million over the next 15 years. The funding would reach a 
peak in the late I970's and decline through the 1980’s. About 60 percent of that effort woidd be in 
the area of hardware research and development, the rest for gathering and interpreting data. It 
appears that about 60 percent of the hardware design (e.g., satellite technology, electronic micro- 
miniaturization, etc.) could be used to satisfy animal requirements in a common modular fashion. 

INTRODUCTION 

The Wildlife Monitoring Program Plan presented in this document integrates the growing 
requirements for ecological management with tr.~ newest techniques in biological science and aero- 
space technology. The increasing need for ecological management stems chiefly from the pressures 
of a world population that grows not only in numbers but in standard of living. As man’s perturba- 
tion of the ecological system expands, there is an increasing need for management of natural 
resources by controlling their use and consumption, and for guarding against their destruction 
through pollution or other ecological imbalances. The foundation of ecological management is 
understanding, and the first step in that understanding is monitoring. It is therefore th° ; ntent of 
this document to present a systematic approach to one aspect of ecological management, the 
problem of rational wildlife monitoring. 

The Wildlife Monitoring Program Plan draws on user needs expressed in international agree- 
ments federal a.id state legislation, and the stated requirements of government agencies. It incor- 
porates the espoused views of various special interest groups, industry, the scientific nnu academic 
communities, and individuals. Much of this background material was assembled at the 1973 Santa 
Cruz Summer Study on Wildlife Monitoring (appendix A). 

The Program Plan describes the program objectives: it summarizes the needs, requirements, and 
program justification, as well as the current program and technology status: it describes the selected 
demonstration program and its implementation (i.e., specific tasks to be performed): and it suggests 
a plan for managemen* and NASA involvement. 

It is emphasized that a systematic approach, as intended here, does not dictate that all aspects 
of interaction between wildlife species and the environment be handled simultaneously. Rather, the 
program is designed to demonstrate the feasibility of implementing concepts of monitoring by 
concentrating on selected animal species. Such demonstrations of the application of aerospace 
technology to wildlife monitoring, and the understanding of ecological interactions gained 
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therefrom, should permit the generation of rational management approaches that can be used by 
the various user agencies to develop operational management technioues. 

It is recognized that the subject of wildlife management is so extensive and so subjective that a 
program plan could occupy volumes. This report is not intended therefore to treat all aspects of 
wildlife management in detail. Many strategic questions (e.g., which animal species have the most 
aesthetic value) cannot be considered until a rational program is implemented and more data are 
available. For these reasons, many tactical questions such as those dealing with specific modes of 
operation (e.g., sensor wavelength or specific satellites) are not discussed here. 

OBJECTIVES 

The purpose of the Wildlife Monitoring Program is to provide a firm technological and system- 
oriented approach to satisfy user requirements in the area of wildlife monitoring and, ultimately, 
ecological management. It is, further, the intent of the program to make maximum use of tech- 
nology and techniques derived from aerospace research and development, and to test each method 
for appropriateness and practicality in monitoring a limited sample of animal species. To meet these 
broad objectives, a set of sub-objectives is defined as follows: 

1 . To determine which physiological and behavioral parameters best indicate the health and 
vigor of a species. 

2. To determine which environment and habitat characteristics can be used to describe the 
state of the ecological system and its dynamics. 

3. To monitor the location, physiology, behavior, and habitat of selected animal species and 
collect appropriate data for guiding research and meeting the specific needs of the user agency. 

4. To determine the appropriate role of aerospace technology (such as communications, elec- 
tronic microminiaturization, and remote sensing) in monitoring wildlife resources. 

5. To recommend technological research and development programs that best satisfy the 
requirements for monitoring wildlife. 

6. To develop environmental and management models and document the data and techniques 
applicable to environmental management. 

7. To orient potential user agencies by soliciting their collaboration and direct aid in the form 
of manpower and funds. 

The relationship of the Wildlife Monitoring Program to the fundamental requirements and 
capabilities is illustrated in figure 1. This figure shows where aerospace technology and systems 
management can interface with the user agencies and their needs as defined in appendix A. 

JUSTIFICATION 

Our natural resources are all closely related, each an integral component ol the ecosystem, a 
component of the biosphere. A significant alteration of one component will influence the 
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equilibrium of the entire system. Each resource plays a role in maintaining the health and stability 
of our global life-support system. 

Man has brought about many changes in the natural environment by clearing land, planting 
farmlands, building cities, excavating for resources, and disposing of waste. Many of the changes arc 
beneficial to man. others are detrimental. Man’s encroachment on the wilderness areas and his 
dominance over certain pests has resulted in the availability of more mineral and agricultural 
resources, but it has also created an increasing pollution problem and a growing list of endangered 
animal species. 

The relationship between man and a portion of the ecosystem is shown in figure 2 . The figure 
illustrates, first of all, man’s impact on the natural balance within the environment because nature 
must absorb man’s waste materials and energy. In addition, man depends heavily on nature to 
supply animal, vegetable, and mineral resources. For example, there is a delicate balance in the 
network between man’s domestic livestock, natural vegetation, wild grazers, and predators. Man has 
killed many of the cougars and wolves to protect domesticated animals. This action, however, 
increases the number of natural grazers and can aggravate the competition between natural and 
domestic animals for rangeland food sources. If man is to maintain adequate food supplies as well as 
protect natural animal species, some very sophisticated management models and techniques must be 
developed. 

The importance of maintaining an ecological balance is exemplified by the food energy chain 
that links the basic source of energy in absorbed sunlight with higher animals that are man’s major 
source of proteins. A serious break in any link in the chain which yields the larger fish for man’s 
diet could destroy a process that already suffers from low efficiency (fig. 3). A case of misguided 
wildlife management, namely, the removal of deer predators from the Grand Canyon area, is shown 
in figure 4. The size of the deer herd is actually lower than it should be, or might be, if more data 
had been available or if the correct indicators had been heeded. 

Some of the benefits to be gained by a rational program of wildlife management are listed 
below. 

1 . Conserving, restoring, and protecting endangered wildlife species. 

2. Maximizing animal harvest for commercial uses such as for food, fur, skins, oils, etc. 

3. Maximizing animal species for hunting, fishing, entertainment and other recreational 
purposes. 

4. Controlling agricultural damage by animals. 

5. Controlling the spread of disease by animals. 

6. Controlling insects and other pests with animals. 

7 . Maintaining a source of animals for research and other scientific reasons (such as methods 
of navigation, biology, behavior, medicinals, etc.). 

8. Preventing damage and loss of life due to aircraft collision with birds. 
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Figure 2.- Man’s interface with the natural environment. 








ENERGY PYRAMID If MAN MERE THE ONLY OTHER LINK IN THE PLANKTON MAN 
FOOO CHAIN. MORE THAN 100 TIMES THE ENERGY WOULD BE AVAILABLE TO HIM 
THAN AS THE TERMINAL LINK OF THE PLANKTON AQUATIC ANIMAL SMELT-TROUT- 
MAN FOOD CHAIN (AFTER L AMONT C. COLE/'THE ECOSPHERE. SCI AMER . 198. 1958 


Figure 3.~ Food energy chain. 
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9. Understanding natural indicators of potential problems for man such as mercury poisoning, 
hazardous pesticide levels, etc. 

10. Understanding the habitat conditions so that corrective actions can be taken to restore the 
ecology. 


Needs and Requirements 

(nf)rmation gathered in a comprehensive Wildlife Monitoring Program is applicable to 
improve commercial harvests of wildlife resources, some of which are major factors in the world 
(ood supply. This information will also be important in the management of noncommercial wildlife 
~:sourcc* that contribute to a very large and significantly increasing range of recreational, aesthetic, 
and edu itional uses. These include the relatively stable demands for hunting and fishing and the 
iipidly expanding nonconsumptive uses of wOdlife, including tourism. Many species also serve as 
se nsitive indicators of environmental degradation such as pollution. 

The basic wildlife monitoring user information needed to produce the aforementioned benefits 
is given b Jow (Santa Cruz report, appendix A). 

• Animal censusing and population dynamics; a continuing check on the health and vigor of 
animals and their populations 

• Location of animals to determine migratory paths, speed and direction of movement and 
changes in movement patterns during stages of their life history 

•* Habitat characterization; description, mapping, and determination of the boundaries of 
the animals’ ranges 

• Physiology aselines for detecting changes relating to health and vigor; physical analogs 
of biologic systems 

• Behavior within the habitat; feeding and breeding and reaction to environmental changes 

Figure 5 shows the relationships between the information needs and eventual benefits. 

The just fication for wildlife monitoring from an economic standpoint alone is substantial. The 
costs of such a program ire imperceptible compared to world fishing activities worth billions of 
dollars annually, or *be U.S. domestic grazing animal inventory valued at a billion dollars, or the loss 
of resources an property due to animals which amounts to hundreds of millions of dollars 
annually, or * .re loss of many millions of dollars worth of natural resources due to pollution, insect 
pests, and u.sease. 

Tv ie dollar magnitudes of some of the ecology and wildlife activities are shown in figure 6 to be 
ver. „ubstan :ial, especially in comparison with potential wildlife monitoring programs sponsored by 
NASA. For example, a research investment of 1 percent of the value of the annual world fishery 
production would .>e over $200 million a year. The estimated U.S. Federal and state annual expen- 
diture on viiulife management is now $140mfllion. Federal funding for environmental 


9 




10 






enhancement activities involving resources in FY 73 was about $340 million. The annual cash worth 
of wildlife resources can be measured in billions of dollars. 

Our growing population and the attendant increasing demand lor resources has created, and 
will continue to create, pressure on the use of land and on wildlife. Some of the demands, projected 
to the year 2000, are shown in figure 7 compared to 1960 levels. Many resource consumer demand 
levels are expected to double or triple, even though the population will not quite double. The 
recreational land squeeze is especially serious, with demands expected to increase by a factor of 4. 

World fishing activity has already tripled from the early 1 950’s level despite the loss of several 
species due to pollution and the drastic decline of others (such as whales and Peruvian anchovetas) 
due to overfishing. Some of these trends are indicated in figure 8. Even though agricultural land area 
will not increase greatly, the demand of the burgeoning world population for food will not likely he 
met even with expected yields per acre doubling between I960 and 2000 (fig. 9). The demand for 
greater food production and crop yields will place increased strain on wildlife because of the 
increased uses of pesticides, other chemical pollutants, and the conversion of wildland to agricul- 
tural land. 


Legislation and Agreements 

Much of the 2250 million acres within the U.S. borders is undeveloped wildlands. The Federal 
Government alone owns 1/3 (761 million acres), and state and local governments own much more. 
About 1/6 (370 million acres) is designated as crop land. As illustrated in figure 10, much of the 
Federal land falls under the jurisdiction of the Bureau of Land Management, which has responsi- 
bility for an area equivalent to Alaska and California combined. (Coincidentally, much of the land 
is, in fact, in Alaska.) The U.S. Forest Service has control ovei an area the size of Texas, while the 
U.S. Fish and Wildlife Service and the U.S. Park Service control 28 and 24 million acres, respec- 
tively (equivalent to Pennsylvania and Indiana). 

In 1960, America's total land requirement for all uses (cropland, rangeland, forests, recreation 
areas, urban land, transportation, wildlife refuges, and reservoirs) was 1815 million acres. (There arc- 
1904 million acres in the coterminous U.S.) By the year 2000, the requirements will outstrip the 
availability. Obviously, the management of U.S. lands is critical, and the selected 90 pieces of 
Federal legislation shown in figure 1 1 reflect this. 

The seriousness of wildlife and natural resource management is also reflected in the increasing 
volume of international agreements with time. The number of signing nations and dates of wildlife 
agreements are shown in figure 12. Naturally, many of these pertain to fishing and marine 
mammals. 

The U.S. Government has substituted the word “threatened” for the previous designations of 
“rare and endangered.” In addition to the newly passed Endangered Species Act of 1973, there have 
been a number of Federal acts designed to protect these animals: Endangered Species Protection 
Act of 1966 (80 Stat. 926), Endangered Species Conservation Act of 1969, Migratory Bird Treaty 
Act (16 U.S.C. 703-71 1), Bald Eagle Act (16 U.S.C. 668-668-d), Marine Mammal Protection Act 
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(P.L 92-522\ and Lacey Act (18 U.S.C. 42-44). The government agency responsible for identifying 
and monitoring these threatened specks is the Department of the Interior. The Secretary of the 
Interior is directed by law to seek the council of specialists and agencies with expertise on the 
subject. The Secretary shall "seek the advice and recommendations of interested persons and 
organizations 

The Endangered Species Office of the Department of the Interior specifically asks other 
government agencies to make contributions to help them fulfill their responsibilities. At this time, 
steps are being taken to coordinate all agencies in an effort to develop a general recovery plan for 
endangered species (ref. 14). The expertise and technology of NASA applies to some of the needs 
within the Office of Endangered Species. Habitat assessment from remote sensing satellites and 
aircraft is the only way that environments can be assessed without disturbing the animals that are 
being protected. Radio monitoring is the only way to define the exact home range and migratory 
routes for many animals. These data can then be used to determine where the habitat studies should 
be made. In many cases, the animals selected for the first studies to be conducted by this program 
are closely related in size, physiology, and/or habitat to some of the endangered species. Once the 
ground work has been laid by this early work, the more sensitive species can then be monitored to 
quickly gather the hard data needed as a base for rational management. 

Related Technology and Applications 

Wildlife monitoring programs not only can take advantage of aerospace and other technologies, 
they can also produce valuable data and technology applicable to other fields. 

The increasing need for wildlife management has fortuitously been paralleled by advances in 
communic...ions, electronics, and remote sensing — primarily in the aerospace industry. The unique 
surveillance capabilities offered by satellite and aircraft systems and the flexibility afforded by 
microelectronics could be used to great advantage. Most probably, meaningful wildlife monitoring 
could not be performed adequately without the spaceoome capability of instantaneous and synop- 
tic coverage, or without the possibility of airborne film inventory records, or without the electronic 
instrumentation small enough to be attached to a single migrating animal. The ability to transmit, 
relay, receive, record, and interpret large quantities of data automatically makes modern communi- 
cations and data-handling technology invaluable. 

In the same way that wildlife monitoring programs can take advantage of aerospace technology 
spin-off, there is a strong potential for applying techniques specifically designed for wildlife 
monitoring *o other fields. The overall approach of monitoring ground stations and processing the 
data centrally is much the same as that requ ; red for meteorological data, forest-fire monitoring, 
agricultural pest control, water management, pollution monitoring, iceberg surveillance, air and 
ground traffic control, railroad and truck location, patrol car location, etc. The habitat and environ- 
ment data derived in a wildlife monitoring program could be useful in a variety of land use 
applications, such as planning highways, urban recreation and wilderness areas, powerlines, 
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pipelines, fences, refuges and preserves, agricultural areas, powerplant sites, mines, waste disposal 
areas, reservoir locations, etc. Technological advances in the areas of instrumentation, communica- 
tions, and data handling and processing might yield benefits in medicine, disaster warning and 
assessment, navigation, underwater propulsion, or crime prevention. Some of the possible applica- 
tions and potential users are shown in figure 1 3. 

PROGRAM STATUS 

This section describes existing programs and current hardware state of the art. 

On-Going Programs 

Funded NASA programs cover many disciplines in wildlife research, including both marine and 
terrestrial ecological efforts. The approaches vary from remote sensing to intimate interfacing with 
the animal. Some of these tasks are summarized in figure 14. 

Early studies included efforts to track marine and land animals and birds. One such investiga- 
tion using the Nimbus ill satellite tracked an elk over the National Elk Refuge adjacent to Teton 
National Park in Wyoming. Nimbus III was further used to monitor wildlife during a “hibernation” 
study in which various parameters of a bear den near the Yellowstone wilderness were monitored 
through a platform that relayed the data to GSFC via Nimbus 111. These studes with l)rs. Frank and 
John Craighead of Wyoming and Montana research organizations proved that investigators could 
monitor wildlife location and several physical parameters without interfering with the normal 
behavior of the animal. 

Other NASA exploratory efforts by Dr. Archie Carr from the University of Florida (Gaines- 
ville) and Howard Baldwin of Tuscon, Arizona, have included design and field testing of marine 
turtle tracking hardware in the Caribbean waters where these animals are important economically. 
Another task carried out by Dr. Stuart McKay of Boston University was concerned with radio 
tracking the far-ranging marne albatross. In addition, a design and test program was built by Drs. 
Gary Lord, A1 Hart, and Bill Aker of the University of Washington, and Howard Baldwin, around 
the concept of using satellite communications links to relay fisheries data from the remote and 
hostile waters of the Bristol Bay to the Alaska Department of Fish and Game (ADF&Ci). 

On a nonfunded basis, several tasks are in the process of being approved to use the Nimbus F 
satellite to be launched in 1 974. These include tracking of bears, grazers, and birds. Investigators are 
required to provide the funding for these efforts and to develop their own hardware. These efforts 
are set aside from the program as proposed in this report, but it should be possible to use the results 
as input to the program. 

The current Gray Whale Behavior task is a sophisticated combination ol various technologies as 
developed by Mr. Robert Goodman of the Franklin Institute Research Laboratories with the bio- 
logical sciences as directed by Dr. Kenneth Norris at the University of California, Santa Cruz. The 
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task is dedicated to radio tracking the migration route of the gray whales from their breeding 
grounds in Mexican waters to their feeding grounds in the Bering Sea off Alaska. The Mexican 
government is presently participating in this effort through the work of Dr. Bernardo Villa R. at the 
University of Mexico. 

Dr. G. Carieton Ray and Dr. Douglas Wartzok of Johns Hopkins University are working 
half-time at Ames Research Center on the proposed Bering Sea Marine Mammal Hxperiment 
(BESMEX). This investigation will use radio telemetry and new methods of remote sensing with I.K. 
imagery to locate and census mammal populations in the Arctic. 

Investigators have made good use of NASA r racV ig stations along the cast coast and down- 
range from Kennedy Space Center to track migrating birds. Such techniques are nondisruptive ar-t 
use NASA facilities during usual down times. 

Dr Roger Gentry, formerly of University of California, Santa Cruz, and now with 
NOAA/NXFS, a leader in the behavioral and ecological sciences, has been using remote sensing 
from low and high-altitude NASA aircraft along with ground truth to study the abundance and 
movements of California and Stellar sea lions. Once again, the government agencies responsible by 
law for assessing the animals are greatly interested in the results and how they can be applied on a 
regular assessment basis. NOAA/NMFS is cooperating with NASA in the assessment of these data. 

The only program that has been highly successful in the remote sensing of animal populations 
from a satellite has beer, done at the University of Montana. No animals are detectable from 
satellites at this time. However, specific delineation of the grizzly bear habitat has been defined 
from ERTS imagery by the Craigheads. Other attempts have been made to define vegetation types 
and habitats with some success. Intimate knowledge of the animal’s needs and good ground truth 
have been important factors in successfully using the satellite imagery. Also, at the University of 
Montana, physiological biosensing instruments have been developed. In one on-going NASA- 
sponsored study, a black bear was instrumented and monitored for deep-body temperature during 
its winter sleep. The animal was kept in an artificial den and the data relayed outside via telemetry. 

The fisheries task, the whale task, the marine mammal mass tagging effort, and a grizzly bear 
task have been directed toward the development of management mode's for rational management of 
these limited resources. Already, the grizzly bear population model has shown positive results as 
supported by available ground truth. The entire BESMEX task focuses on the production of a 
rational management model for marine mammals in the Bering Sea. 

Other non-NASA research has been carried out by numerous universities, research foundations, 
and state agencies as well as commercial concerns engaged in the development of wildlife tracking 
methods. Many states and some government agencies have been radio-tracking important commer- 
cial and recreational animal species for many years from ground st!>*:ons and aircraft. For example, 
in 1974, the state of Alaska will be instrumenting up to f ° :!■. m an attempt to determine the 
structure and movements of the herd 



Hardware Technology 


Current hardware development is divided into five categories: attachment, biosensors, power 
packs, transmitters/rcceivcrs, and antennas. 

Presently, hardware is attached by collars, harnesses, and direct pinning. Collars have been used 
successfully on several predators and grazers. In one case, a collar was used with Nimbus III and the 
Interrogation, Recording, and Locating System (1RLS). Harnesses have been developed when collar 
retention presents problems. The gray whale, the California sea lion, and the albatross have all been 
successfully harnessed to carry radio and data collection packs. Direct attachment has also been 
used. Bolts through nonsensitive dorsal fin tissue have held radiotelemetry packages on marine 
mammals. Sutures held a tracking package on a juvenile gray whale during a successful tracking 
experiment in 1971 . For animals with a leathery skin 1 or 2 inches thick, a package has been built 
that will use pins to hold the baseplate of the radiotelemctcr. Various adhesives and leg bands have 
been tried with moderate success on bird telemeters. Figure IS is a diagram of a representative 
whale harness and instrument pack, which illustrates the current technology in that area. 

Biosensors for temperature, heart rate, and blood pressure are ready from previous NASA 
investigations for adaptation to free-roaming animals. Further sensors in the testing state will be 
ready in the near future. In addition, ground stations for gathering biological data have also been 
successful. 

Power supplies have long remained a weight problem and investigatoia wave used wnutever was 
best for their purpose at the time. Collars with solar cells have been used successfully on California 
cougars and other animals. Recharging systems using solar cells on animal collars and charged loops 
in close proximity to implanted biosensors have proven successful in laboratory tests. 

Transmitters for use on animals have varied widely in their range and accuracy. Investigators 
report a range anywhere from a few miles to 2700 miles, depending on atmospheric, power supply, 
and antenna conditions. Most investigators have achieved between 1 5 and 40 miles in tracking with 
present systems and frequency assignments. An outstanding exception was an albatross that was 
tracked over a 2700 mile range. Many investigators have used designs from the Bioinstrumentation 
Advisory Council of t e American Institute of Biological Sciences as a basis for the hardware 
fabrication. 

Antennas vary widely in their application, depending on the habitat, behavior, and size of the 
animal, and the transmission range required. Examples are banjo strings on birds, modified Yagi 
antenna arrangements on large grazers, and loaded dipoles. 

CORRELATION OF OBJECTIVES AND THE PLAN 

The final objective of this program is to realize the benefits from use of aerospace systems in 
wildlife monitoring by user agencies. Some of these previously listed benefits include: 

• Conservation, restoration, and protection of endangered species 

• Maximization of commercial and recreational uses 
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Figure 15.- Typical whale harness. 
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• Control of disease and damage to agriculture and animals 

• Prevention of dangerous interactions with man, and 

• Use of the animals as indicators and sentinels of changes in our environment 
To realize these benefits, the following information must be obtained: 

• Animal census and continuous check on population vigor 

• Paths, speed, and direction of movement patterns during the animals' life cycle 

• Characterization of the animal’s ranges 

• Physiological baselines and changes related to health, and 

• Behavior in relation to changing habitat 

The link between the objectives and the information gathering will be effected in a systematic 
program. 

The specific question of how such information will be used to meet the objectives must be 
addressed. The information is assembled quantitatively into dynamic predictive models of the type 
shown in figure 2. The model shown is general and applies to all the species selected for investiga- 
tion in this program. Each particular study has a model specific to the wildlife species being 
investigated. 

In the model in figure 2, the lines that connect the various circles represent transfer functions 
involving the transfer of matter and energy with certain efficiencies and entropy changes. The 
wildlife program is concerned particularly with the large and small predators and grazers. The least 
important information will therefore concern the lines radiating from these circles. With the transfer 
equations between the various circles in such a model known, it becomes possible to answer such 
questions as: What is the maximum rate at which commercial activity can remove large predators 
(e.g.. seals) while the seal population is assumed to remain constant over many years? What will be 
the environmental result of eliminating a species of small predator? What would be the optimum 
balance between different species of whales to produce specified commercial by-products while not 
threatening any one species with extinction? What measures of the environment can be used to 
predict the total number of migratory commercial fish (e.g., salmon) that will be present in a 
particular region of the ocean at a particular time? 

It should be emphasized that detailed models, centered around the selected wildlife species of 
this program, are not yet available in quantitative form. The goal of this program is to complete the 
significant equations in the chosen models. 

What can be done now is to state in more qualitative terms the types of information that have 
the highest priority for the models of the different m^jor species of interest. 

Location data can be used to build a data background on individual animal movements that 
can eventually be incorporated into models to define herd relationship and population dynamics. 
From a knowledge of location, the user agencies will obtain migration path, speed of animal 
movement, times spent in each area, and direction of movement in relation to the environment and 
habitat. Over continuous years of data gathering, the changes in habitat can be compared to 
location changes to determine if there are significant impacts on animal populations. An example is 
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seen in studies of the marine mammals of the Bering Sea. The location of the animals changes when 
sea ice moves above the feeding grounds because the habitat changes significantly in relation to the 
rich stationary feeding grounds. The user agencies need to know how these changes affect the 
population. 

Another change to be monitored is the increased activity by man in the Bering and Chukchi 
Seas where the walrus and seal populations tend to concentrate. The expanding fisheries industry, 
the potential sea floor mining industry, and the use rf heavy ships to move supplies to the far north 
as well as the possible removal of oD resources from the Arctic, will all use the same waterways the 
marine mammals need for their survival. By monitoring changes in ecodynamics and animal loca- 
tion, the responsible agencies will then have information for rational management of marine 
mammals. 

More sophisticated measurements are an extension of a concept that man has used for many 
years - the concept of “indicator species.” For example, since before the turn of the century (even 
before the 1800’s), man has used the canary as an indicator of air quality in mines. Biologists are 
now aware that other animal species are indicators of the state of the environment. Tissue samples 
and measurements of pollutants, enzymes, and gas tensions of animals in their native environments 
indicate the presence of pesticides, herbicides, radioactive elements, and other stress factors. If these 
substances become concentrated in animal species, their presence may be revealed as changes in 
their behavior or, as noted by gross census changes, as changes in feeding, reproduction, physiologi- 
cal state, and physical activity as measured by biosensors. The first indications of a contaminated 
ecosystem might be provided by such measurements. In some cases, such as the marine mammals, 
this could have dramatic impact on economics because man and some marine mammals use the 
same species of fish for food. This might indicate that our own food source was in danger. 

Another way to monitor pollution or disease that can affect wildlife resources is by use of the 
“sentinel species” — healthy fish are placed in an environment of water (where they are not found 
in nature) that must be monitored for quality. Some fish are sensitive to toxic wastes in small 
amounts. The death or change in behavior of the fish may mean that there is a problem. Other 
examples of animals that serve as sentinels or indicators would be caribou eating lichens that have 
concentrated fallout from nuclear testing, sea lions eating fish that have concentrated chemicals 
from industrialized societies, and free-roaming range animals that could be spreading disease to 
valuable commercial stock. Instrumentation of animals can detect disease and degradation within 
ecosystems before they spread. 

Measurement of animal physiological functions indicate animal stress and might be used to 
alert investigators or user agencies that further study is needed to define relationships of the 
environment, food sources, or human interaction to the species. A specific example would be the 
occurrence of hoof and mouth disease. Undetected, this disease could wipe out 25 percent of the 
meat, milk, and other domestic livestock products before it could be controlled. An outbreak in the 
U.S. might cost $250 million. One method by which t..e disease can be prevented from spreading is 
by early detection. Animals strategically located and instrumented for temperature measurement 
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could serve as indicators. The detection of the cyclic temperature changes could indicate when 
management techniques should be applied. Thus the benefits are directly tied to monitoring animals 
for their location and behavior as measured by physiological changes. 

Behavioral measurement can be used in the management of animal populations. Some informa- 
tion on activity and phonation and feeding events is important in evaluating critical stages of the 
animals' life cycles. For example, animals such as seals, nesting birds, and even some terrestrial 
predators are inactive during certain periods of their reproductive cycles. Just how essential this is 
to making themselves available to the mate or in nurturing and protecting the newborn is not 
completely understood. As mankind invades the more remote areas where there could be a conflict 
between the animals and civilization, use decisions will clearly have to be made. Already the Corps 
of Engineers is generating environmental impact statements. The Bureau of Sport Fisheries and 
Wildlife is concerned about the feeding activity of the young canvasback ducks that have been 
disappearing in the last few years. Measurements of the critical needs of animals, which include the 
home range and activity there, can give these agencies new and important information. A good 
example of the need to understand phonation in animals is the tuna/porpoise problem. Thousands 
of porpoise are killed annually during the fishing of tuna. One of NOAA/NMFS’s highest priorities 
is to assess the remaining porpoise populations of the eastern tropical Pacific. During the fishing of 
tuna, there have been some attempts to frighten away the porpoise with calls of killer whales. If this 
calling in relation to behavioral and physiological measurements were better understood, techniques 
could possibly be devised for steering porpoise herds clear of the tuna nets where they are often 
caught and then drown. 

It has been repeatedly stated in conferences and meetings on wildlife monitoring that location 
data must be accompanied by the environmental, habitat, and census data. All these data are needed 
for user agencies to make wildlife management decisions. Such a decision may impact on the number 
of seals to be harvested from the Priboloff Islands in the Bering Sea, or the number of whales of 
potential commercial value that are breeding or not breeding, or the number of migrating caribou 
that are being affected by a transcontinental oil pipeline. Management decisions are needed to 
determine the number of migratory water fowl that will be hunted each year, and what lands will be 
available for feeding and stopover for migratory birds. State fish and game agencies will need to 
evaluate competition between domestic stock and wildlife for natural and planted forage. Many of 
these decisions can be reached only when the numbers of animals arc known and their relationship 
with the surrounding environment is studied. 

The information to be gathered on location, behavior, environment, and physiology as related 
to behavior will be the basis for management models. These environmental models, as developed 
between the principal investigators, NASA, and the user agency, will be dedicated to the rational 
management of animal species of prime concern to the user agencies. In previous years, the solu- 
tions to management problems were the best guesses of experts on the basis of inadequate informa- 
tion. These unsatisfactory predictions often resulted in ecological disaster in both marine and 
terrestrial environments. A few examples are evident in situations such as the removal of all 


28 



predators from Yellowstone National Park by the U.S. Army, with the result that the limited forage 
was overgrazed. A similar situation occurred (outlined earlier in figure 4) on the Kaibab Plateau nea; 
the turn of the century. The end result was the loss of not only the predator, but a significant part 
of the vegetation and eventually the grazer population as well. Similar conditions exist today in the 
fisheries and whaling industries of the world. 

At the beginning of this section, it was emphasized that the information about wildlife species 
was required to construct dynamic predictive models relating that species to the environment and to 
human intervention (see fig. 2). 

A specific example of the types of models to be developed for the five major species selected is 
presented in figure 16. This figure shows the information needed for a walrus model currently being 
developed by an interagency team headed by Dr. Carleton Ray, Johns Hopkins University, who is 
working at the Ames Research Center. Dr. Ray is now developing specific plans and experimental 
procedures that will enable him over the next few years to obtain the information needed to turn 
the model into a quantitative predictive tool. Similar procedures will be developed for the other 
four selected species. 

Note that the protocols themselves must be flexible because we do not yet know what the 
successive funding will be as the program develops, nor do we know which particular types of 
animal hardware will perform efficiently when attached to animals. In both cases, the early parts of 
the plans and procedures will be exploratory. The later, more sophisticated investigations, leading to 
the completion of the predictive model and to its availability as a management tool, will be based 
on the results of these exploratory activities. 

PROGRAM IMPLEMENTATION PLAN 

This section describes the process used to select animal species for initial investigation and 
explains how the monitoring tasks evolve to new species. In subsequent paragraphs, it lists the data 
to be collected, the techniques of collecting the data, and the technological developments needed as 
the program grows. 


Animal Selection 

Several NASA-sponsored studies have included selections of animals that would be the best 
choices for monitoring. Although these studies have been initiated in several different places for 
different purposes, the selections do not differ widely. 

At the Wildlife Monitoring Conference held at Ames Research Center in the spring of 1973, 
the user agencies listed their needs and choices. Later, at the Santa Cruz conference, these needs 
were prioritized according to the following criteria: 

• Animals of special interest to the greatest number of federal, state, and nongovernmental 
groups; 
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weather, productivity, and walrus presence. 






• Those animals with relationships to man which require urgent study, i.e., disease vectors 
and other hazardous forms; 

• Those animals that are endangered, commercially valuable, or considered to have social or 
ecological impact; 

• Likelihood of developing a practical monitoring system in the near '. iure; 

• Feasibility of studying the animal in the field. 

During the selection process, hundreds of animals were considered. Fhcse were divided into 
16 groups of animals and assigned 8 levels of priority. 

To limit the initial animal monitoring program to manageable proportions, the Santa Cruz 
selections are further refined in this plan. NASA has gathered significant experience in the tech- 
nology of wildlife monitoring over the past 10 years with marine, terrestrial, and flying animals. On 
the basis of this experience, the Santa Cruz selections were therefore reevaluated on the basis of 
feasibility, experience, and public response. First, a number of field investigations have already 
shown that different degrees of feasibility must be considered Logistics and operational support 
must be evaluated. The health and safety of the investigators must be considered. Second a review 
of past activities in the field has identified the levels of experience to be achieved ir. animal 
handling, electronic problem solving, and operational support under inclement conditions. Last, 
public response can bring either a positive or negative pressure to bear on investigators and public 
officials alike and hence must be considered. Therefore, these three additional categories are used as 
selection criteria, with the end objective of ensuring successful demonstrations of the value of 
aerospace technology. To ensure program control and consolidation of efforts, five sr-cies were 
selected as potential demonstrations: cattle, gray whale, walrus, dog, and waterfowl. These species 
cover a range of the animal kingdom and represent each main area of the user agencies interests. 

As indicated in figure 17, some of the chosen species are domesticated, but they still share 
many characteristics with wild animals. Cattle, as ar. example, use the same habitat as wild grazers 
and often have the same needs. In some cases, they are direct competitors on the open range. Cattle, 
subjects of extensive study over many years, offer the convenience of easier control, access to a 
large number of w ’’-qualified professionals who are experienced with their behavior and physi- 
ology, the use of a number of well-equipped agricultural schools, and provide further opportunity 
to do complete biological studies without the opposition of sensitive conservation groups. Handling 
techniques, harnesses or collars, and bioinstrumentation developed on cattle can be directly applied 
to a number of wild grazers. Figure 18 shows the flow of technology from a demonstration project 
to wild animal groups of interest to the user agencies. 

These selections will enable NASA to carry out many of the demonstrations under closely 
controlled conditions. As techniques are proven, the other animals for field applications will be 
selected by the user agencies. The system evolution (fig. 19) suggests the flow from species to 
species based on the stated user needs and the ease of technology adaptation, thereby maximizing 
the probability of successful implementation and data return. 
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Figure 18 .~ Wildlife Monitoring Program growth. 
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Figure 19. Systems evolution of Wildlife Monitoring Program based on needs, present technology 

and ease of technology interface. 











Data Collectic 


The data-collection tasks that must be undertaken to satisfy the wildlife monitoring objectives 
and ;o create dynamic models are described i;; this section. The type and extent ul the data 
collected will expand as the wildlife monitoring program unfolds. Initially, the data-colicction tasks 
focus on animal location, then on censusing and habitat. As the technological capabilities increase, 
more effort will be devoted to behavioral and physiological data. At the same time, more and more 
species will be monitored over wider geographical areas as the user agencies take over management 
monitoring operations. 

Sevend user agencies have impressed upon NASA their needs for synoptic views of the environ- 
ment and for censusing animal populations. Environmental information is already being collected 
and processed for users via the ERTS system. Additional data are being gathered by high-altitudc 
remote sensing aircraft. A combination of these data has already proved valuable in assessing the 
habitats of wilderness regions. However, the ERTS system has been unable to resolve individual 
animals even when they are congregated in large herds nor was it planned to be. Preliminary studies 
have demonstrated the value of using high-altitude aircraft for census work on terrestrial and 
amphibious animals. If several animals of a species can be located by radiotelcmetry, remote sensing 
aircraft can be directed to appropriate areas to assess total population. 

The way in which data for the five m^jor study groups will be gathered for management 
models (as outlined in fig. S) is explained in the following paragraphs. 

Grazers — The location of a grazer is very important. From this information, other steps of the 
investigation are initiated. Census, habitat, meteorological and geophysical studies can be defined in 
area and scope when definite locations are known. In grazers, there will be heavy emphasis on 
vegetation, hydrology, atmosphere, and census data. For monitoring disease and for defining 
behavior, there is emphasis on bioinstrumentation. The bioinstrumentation effort will be empha- 
sized in the grazers because they offer a platform for development for other species that are harder 
to handle. 

Whale - Census information is of prime importance in the study of whales. To achieve this, 
location techniques will be of great importance. Once the location technology allows migratory 
paths and routes to be defined, census studies will be more meaningful. Behavior studies will be 
necessary to complete the census and migration studies. Physiological measurements will be limited 
to those that can enhance the behavior and migration/census studies. Water quality and vegetation 
(planktonic) measurements will be made in a limited manner along with solar flux and magnetic 
field measurements. The latter two will be examined for possible use as migratory cues and orienta- 
tion factors in navigation. 

For pinnipeds (seal family), the priority of the user agency is census data, which cannot be 
gathered without knowledge of the location of the animals; therefore, the emphasis will be on these 
two areas. Behavior and physiological measurements will be secondary. Limited efforts in habitat 


35 



definition and meteorology arc included where they help define migratory patterns and ccnsusing, 
and hence contribute significantly to dynamic population models. 

Predators - Although location is important in monitoring predators, exactly what the predator 
is doing at that location interests the user agencies. Therefore, location is an area of medium effort, 
but heavy emphasis will be placed on those behavioral and physiological measurements that tell the 
user agency how the predator is interacting with the environment. Habitat definition will be 
important, with emphasis on vegetation studies and a small effort in hydrological relationships. 
Meteorological and geophysical studies will be included where they relate to the area of prime 
importance. 

Birds - Census and location are of prime importance to the user agency in monitoring water- 
fowl. These areas will constitute major efforts. To understand the environmental influences on 
population, behavior, and migration, there must be a strong emphasis on habitat studies, which will 
include vegetation and water. Physiological studies are currently almost completely eliminated by 
weight constraints. The location of waterfowl is probably influenced by meteorological factors. The 
definition of hydrological and atmospheric phenomena is consequently important in the manage- 
ment of the birds. Figure 20 summarizes the information priorities for each of the selected initial 
species. 

Many institutions have been determining what measurements would be meaningful to physio- 
logists and behaviorists. At the NASA-sponsored Wildlife Monitoring Conferences, biologists, engi- 
neers. and user agencies carefully selected those physiological parameters that would be important 
in constructing wildlife models. In physiological and behavioral measurements, three categories were 
identified and recommended for development: 

Category I (applicable now) 

Temperature 
Heart rate 
Blood pressure 
Simple physical activity 
Orientation 

Category II (near future, 2 plus years) 

EEC 

EKG 

Blood flow 
Heart load 
Selective activity 
Phonation 
Feeding events 

Category III (future, 4 plus years) 

PH 

Gas tensions 
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Enzymes 

Pollutant absorption 
Voiding 
Pregnancy 
Complete activity 
Food/ water intake 

Some of the systems already developed provide measurements of cardiovascular functions and 
activity. These data give some indication of the state of the animals’ health and the uegrcc of stress 
to which they are subjected. 


Role of System Elements 

The diversity of wildlife mon’tonng data requirements precludes the use of any single opti- 
mum data -collection platform or sensor system. Applicable data-collcction techniques include 
everything from animal-mounted instruments to remote sensors in geosynchronous orbit. Data 
needs range from specific animal physiological characteristics to general environmental factors. 
Surveillance schedules vary from once every few weeks to continuous observation. The form of the 
data can also vary' significantly, depending on the animal, its size, behavior, location, habitat, and 
migration patterns. 

The two primary aspects of data handling are collection and management. Data can be col- 
lected directly, as with animal-mounted sensors, or indirectly with field stations, satellites, or 
aircraft. Once obtained, the data must be transferred, processed, and distributed to the user. The 
best data-handling system is one that uses the advantages of each individual technique. Some 
advantages and disadvantages of the various approaches are considered in the following paragraphs. 

Animal-mounted sensors are indispensable for obtaining physiological data (i.e., heart rate, 
temperature, and other bodily functions). Such instruments can also be used to collect data on 
animal behavior, or they can be used, in conjunction with other equipment, to locate animals. 
Animal-mounted sensors can also be used to monitor environmental conditions or habitat. But 
making environmental measurements from an animal-mounted platform with unknown location, 
orientation, and motion may involve too many ambiguities to be of use. 

Remotely located field stations, relaying their information to a central processor, would be 
especially appropriate for environmental monitoring. They might also be used to observe animal 
activities or to relay data on animal conditions and location. Although the in-situ data received from 
a field station may be impossible to collect any other way, the area covered by any one station is 
relatively small. Hence, the number of stations required could be very high. 

Field parties would be required to install animal-mounted sensors and to install and maintain 
remote stations. Field parties can also make on-site observations and perform data-collcction func- 
tions that would be nearly impossible any other way. A field party is restricted in the area it can 
cover, and although it might demonstrate a unique flexibility, it suffers from a correspondingly high 
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cost. During discussions at the Santa Cruz Conference, for example, marine mammalogists estimated 
that blue whale studies require one ship per whale. A one-year track of one whale could cost 
$3.5 million when ship time, crew rotation, and logistics are considered. 

Aircraft can cover large areas on a relatively flexible temporal basis. They can be used to 
collect images of the habitat or, in some cases, animals. It is feasible, but less likely, that aircraft or 
dirigibles could be used to relay telemetered data from animals or ground stations. An aircraft was 
used in one instance to track an albatross with an installed radio transmitter. 

Satellites can cover areas on a global scale, collecting data on environment and habitat and 
even locating animals through radio tracking. Two types of satellites are of primary interest. The 
first, in sun-synchronous orbit, encompasses such examples as Nimbus and ERTS. These satellites 
are in near polar orbii at an altitude of about 1100 km (600n.ini.). Imaging rates can vary from 
complete coverage everyday to once every 18 days or more. The seconu satellite of interest is in 
geosynchronous orbit, such as ATS. At an altitude of 35,870 km (19.400 n.mi.), the view is nearly 
hemispherical, but with severe distortion over much of the earth’s surface. Generally speaking, 
animals can be located more accurately from the lower satellites. (Location accuracy capabilities 
vary from about one to several tens of kilometers.) The continuous covtrage capability of a geosyn- 
chronous satellite is invaluable in monitoring field sensors and in relaying data to a processing point. 
All the above system elements are shown in figure 21. 

The various performance parameters that might be used to evaluate the most appropriate role 
of satellites, aircraft, and ground sensors are listed in figure 22. Specifically, these include con- 
tinuity in coverage, size of area viewed, image resolution, animal location accuracy, observation 
schedule, flexibility, and accessibility of the animal. Obviously, no one observation technique is best 
in all areas of performance. For this reason, and since in most cases no single observation platform 
can operate independently, more than one technique is required. 

Figure 22 summarizes the attributes of the various data-collection platforms. The figure dis- 
tinguishes between animal-mounted instruments and other gear *o emphasize the fact that animal 
instrumentation is neither a substitute for nor in competition with other modes of data collection, 
but must be used in conjunction with other data-collection techniques. 

Two easily defined monitoring parameters are size of the animal and the extent of its migra- 
tion. Yearly migration distances indicate how accurately the animal should be located, and animal 
size is a main factor in determining the resolution needed for imaging. Imaging satisfies the require- 
ment for location but may not always be a practical way to track the animal. Location accuracy 
requirements may be looser than imaging resolution by several orders of magnitude, thereby making 
satellites viable alternatives for this task. Figure 23 shows an imaging resolution capability deter- 
mined roughly by the animal size and a location accuracy as a function of total migration distance. 
The right-hand edge of the figure shows an estimate of the ground area that would have tv) be 
covered each day to stay abreast of an animal with the annual migration habits shown on the left 
side of the figure. The estimate is based on animal migration habits, speed, etc. There is a great deal 
of uncertainty in the travel of an animal in any one day, but the area parameter is useful in gauging 
satellite and aircraft coverage rates. 
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The animal migration and resolution requirements shown in figure 23 can be superimposed on 
a graph of coverage and resolution capability of satellites, aircraft, and ground surveillance methods 
as in figure 24. With current technology, it is evident that aircraft can meet the imaging resolutions 
for many animals, and satellites can meet the requirements for locating animals in many cases. 
Habitat imaging requirements tend to be less severe than animal imaging requirements (typically on 
the order of 10 to 100 m resolution) and are hence largely satisfied by satellite. A more conclusive 
reason for using satellites in habitat monitoring, however, is that the total area to he covered may 
extend far beyond the capability of a limited number of aircraft and could include areas on all parts 
of the globe. For example, one ERTS picture 100 miles square could cover the entire grizzly bear 
habitat and then move on to cover part of the whale habitat in the same day. 

The appropriate roles of the various data-collection and data-management techniques can be 
defined more accurately if the individual requirements are addressed specifically. Figure 25 shows 
the kinds of information desired and the corresponding suitability of the various data collection and 
management methods. In short, it suggests the following roles for wildlife monitoring data 
collection: 

• Geosynchronous satellite 

Goud monitoring 
Data relay 

• Sun-synchronous satellite 

Habitat monitoring 
Meteorological data 
Animal location 
Hydrology-geomorphology 

• High-altitude aircraft 

Animal location 
Habitat monitoring 
Hydrology-geomorphology 

i 

• Low-altitude aircraft 

Animal censusing 

• Animal-mounted equipment 

Animal physiology 
Location 
Animal behavior 

• Field station 

Water monitoring 

Meteorology 

Environment 
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• Field party 

Animal behavior 

Environment 

Install and maintain equipment 

The precise role of any one monitoring methodology must ultimately be determined by the 
species under observation. For example, satellites may be mandatory for tracking wide ranging 
animals or animals in a hostile environment. On vhe other hand, satellites may be quite inappro- 
priate for collecting data from a small, accessible or controlled sU^. 

. . typical investigation using aerospace technology will take on a multifaceted approach. 
Location of the animal could be done with RAMS (Random Access Measurement System) or 
Omega OPEL (Omega Position Location Experiment) systems. Physiological parameters ol the 
animal will be transmitted from inside the animal to the receiver-transmitter har iess or collar and 
transmitted to the satellite system. In addition, sensors on the harness or collar will feed informa- 
tion about the local emdi -inment to the receiver-transmitter and that data will likewise be trans- 
mitted to the satellite system Aircraft will also be used for remote sensing of the habitat and 
sometimes for visual location of the animal. In marine studies, ships will be used for ground truth 
and habitat studies. At sea, there may be opportunities to use data buoy stations. In census studies 
or migration studies, the use of platforms such as sonar buoys at specific locations can be used to 
count and track animals or to pick up and record data transmission as they pass bv. Similar stations 
will be used for those animals in hostile and remote land areas or where migration of the animals 
may be limited. Tethered balloons were noted in the Santa Cruz study as a way to increase the 
range of radiotelemetry. It was also pointed out that buoys, ground stations and balloons could be 
used as environmental data-collection centers. The environmental sensors that would be located on 
the harnesses, collars, ground stations, buoys, and balloons would gather the following data: 

• Vegetation type 

• Extent and depth of water 

• Wind speed and direction 

• Air and water temperatures and other meteorological measurements 

• Incident light, its character, intensity, periodicity, and distribution 

• Ice and snow distribution 

A NASA study has been completed that proposes using many of the above concepts for 
application to fisheries management. Fish populations can be counted with sonar buoy *hc col- 
lected data are relayed to a shore station that uses a satellite to transfer the information to the user 
agency for input into their management model. A cost benefit study has been included us part of 
this task for assessing salmon stocks via satellite for the Alaskan Department of Fish and Game. The 
relative economic benefits of increasing the accuracy of the population counts were formulated 
from data on minimum, average, and maximum run sizes over a 1 0-year period The results show 
that a reduction in the variance of the run-size. estimate by 50 percent would be cost effective if it 
could be obtained for less than $300 thousand a year. It has been calculated such remits are 
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easily attainable at an outlay of $400 thousand and by use of the already existing ATS data relay 
system. Therefore, in two years the system would become cost effective even with an outlay of 
$100 thousand per year for operation and maintenance. The present inadequate assessment system 
using chartered ships and aircraft costs approximately $250 thousand per year and has resulted in a 
decline from a 50 million fish per year industry at the turn of the century to a present 2 million 
salmon per year harvest. 

NASA presently has two unique radar-tracking capabilities that are suitably placed and instru- 
mented for tracking birds. Although these types of radar can be used for tracking land animals, they 
are more practical i; rea of bird sensing. The NASA surveillance and tracking radars at Wallops 
Station have aiready been used for this purpose. These Ka, S, X, and UHF band radars are ideally 
placed along the eastern mr. ,;&ry bird flyway. The basic research already accomplished indicates 
that not only location, speed, and direction are determinable, but other factors related to altitude, 
wing beat rate and continuity, and the quer- .on of whether the bird is in long-distance migration are 
definable. These studies will be expanded by attaching transponders to the birds. Another system 
that should be explored to determine its capabilities is high-frequency, ove» -the-horizon radar. 

Data-collection tasks and laboratory investigations will be carried out by teams. RFP returns 
and unsolicited proposals will be evaluated for both biological and technical personnel team 
strength. NASA personnel w31 interface with the teams at their level of expertise, i.e., communica- 
tion, harness structure, or instrumentation. A NASA coordinator will monitor and help structure all 
activities in a systematic manner during development, testing, and field demonstration. As the 
project develops, the NASA coordinator w3> bring the user agency more and more into the opera- 
tional data-collection phase. 

Hardware Research and Development 

The c velopment of hardware items is presented in five categories: animal instrumentation, 
environmental instrumentation, communications, data collection, and data interpretation. The 
funding requirement in each category is divided into two parts, that which is common to all species, 
or modular, and that which is peculiar to individual species. Figure 26, which outlines the hardware 
development effort in dollars versus time, shows a total magnitude of $4.2 million, over half of 
which is devoted to commonality among many species. The largest single item, at $2 million, is 
designated for communications and data relay. 

Technological commonality is present in all areas. In the actual interface with the animals, the 
peculiar requirements wdl require focused attention. The strongest example of commonality occurs 
in the communications equipment and data relay. Efforts in miniaturization, microminiaturization, 
and the development of power supplies, circuits of receivers and transmitters, and antennas can he 
consolidated. The packag.ng problem is generally peculiar to each species, particularly with birds. 
Another such example exists in harness and collar development. Commonality is found in materials, 
attachment and release mechanisms, and in collar expansion during animal growth. However, the 
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peculiar characteristics of the different environments and the behavior of each species demand a 
variety of attachment methods. The bioinstrumentation required to define behavioral traits shares a 
great deal of commonality and, with the mammals, can be applied to a number of species with little 
specific adaptation. 

Data-collection and telemetry systems that can be carried on such species as free-roaming 
grazers, predators, and migrating birds are available, but there is a great need for miniaturization. 
Current packages are either too bulky, too heavy, or too short-lived. The primary need at the 
present time is for equipment with greatly reduced continuous power drain. It is the continuous 
operational power (as opposed to the RF power) that determines power source size and package 
lifetime. The immediate goal in animal-mounted telemetry systems is a 50 percent or better power 
reduction, which could result in a Hb package with a 6-month operational life. This 100 in. * 
demonstration package would be made compatible with the Nimbus F and would probably require 
a 1 2-month hardware development effort headed by Goddard Space Flight Center. Other tasks are 
in the area of microstrip antenna technology and high-power density batteries. The total near-term 
effort of a Nimbus demonstration package could cost approximately $200 thousand. 

When power requirements are reduced, efforts in the area of microminiaturization (at a mini- 
mum starting cost of around $300 thousand) could be undertaken. This will, in part, depend on 
parallel technology developments in oceanographic systems and other areas. 

For the development of environmental sensors and platforms, again there is a high degree of 
commonality. However, the water and marine environments create the need for specialized effort. 
Platform development from other NASA projects will contribute a great savings in time and effort 
as reflected in the budget allowance. The same spin-off applies to the data-collection methods 
developed for satellites and aircraft. Previous tasks dealing with wildlife monitoring likewise affect 
the budget allowance shown in figure 26 for the data-collection area. The funds for data interpreta- 
tion, models, and data distribution are largely for operations during the demonstrations and inter- 
face with the user agencies. 

Further cost breakouts on an individual task basis are summarized in figure 27. This figure also 
includes those tasks in addition to hardware development. The total cost is just over $7 5 million, to 
be spread over about 13 years. Much of the work will be subcontracted to private industry. 

The approach in animal instrumentation development would be managed by biologists and 
engineers already engaged in biosensor research and development at Ames. Outside contracts 
through RFP’s would be used to enhance these efforts. The use of approved animal-handling 
fa'ilities and accepted legal animal procurement and investigation methods should ensure success in 
ne development of hardware that will function reliably in the field. NASA’s proven approach of 
systematic development using modular component design, rigorous testing in laboratory and field, 
quality control, and demonstration will be followed throughout the program. 
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PROGRAM MANAGEMENT 


Within NASA, the Wildlife Monitoring Program will utilize the expertise and facilities of four 
NASA centers. At NASA Headquarters, progra 'irection will be provided by a collaborative effort 
between OA and Code MM. OA wilt have responsibility in areas of communications and satellite 
systems; MM will have responsibility in biological areas. NASA Headquarters will organize and 
receive input from an advisory group of outside scientists. This group will review each task and 
project for scientific and technical content on a biological and physical basis as well as determine if 
the users needs will be met. Headquarters will also have key input from the Council of Environ- 
mental Quality. This Council, which is aware of the users’ needs, will evaluate the applicability of 
the tasks and help to coordinate the efforts with the user agencies. 

As lead center, ARC will collaborate with the other centers and users to achieve the objectives 
of the pr^eram. The remote sensing aircraft of JSC and ARC will be coordinated to augment ERTS 
information and enhance the field party work. With its unique facilities and experienced personnel, 
Wallops will conduct the bird-tracking program. GSFC will develop radiotelemetry systems that 
include the development of sophisticated antennas, power packs, and transmitter/receiver systems. 
The responsibility for making these systems compatible with satellite systems and providing com- 
mon approved system specifications to investigator ... users will rest with GSFC. 

Specifically at ARC, the animal interface will be handled both on the harness/collar level and 
the bioinstrumentation development and use level. ARC will handle the coordination of data 
collection and distribution tasks for location, behavior, and environmental data. Combined com- 
ponents of harness and telemetry as well as the individual bioinstrumentation will be tested at ARC 
under R. and Q.A. inspection. Figure 28 is a diagram of the organizational interfaces. 

From the beginning of activity, including the formulation of the Program Plan, user agencies 
will usually be involved on a cooperative basis; they will not generally be funded as investigators. 
During and after demonstration tasks, users are expected to become more and more involved 
taking over investigations by fielding ground truth parties, reading out data, and app'ying manage- 
ment models. The investigation teams will operate from rigorous standing instructions patterned 
after NASA’s systematic methods for management and technical development. These systematic 
methods will include established planning, testing, and approval cycles. Investigation procedures will 
be approved before significant effort is expended. Systematic control of hardware configuration and 
animal handling techniques will be exercised. An accurate record of the procedures, instrumenta- 
tion, and data collected will be kept. From design analysis and experiment readiness reviews, it will 
be determined what quality assurance inspection procedures are necessary, both biological and 
technical disciplines will be subject to careful control to ensure production of useful results. 

The total Wildlife Monitoring Program funding is givne in figure 29. Responsibility assignments 
(fig. 30) show the tapering of NASA activity. Heavy involvement occurs in the early years during 
the development and demonstration of NASA technology, and then it drops gradually from 1976 
through 1984. From that point, there is rapid disengagement of NASA as an active participant, with 
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Figure 29.- Wildlife Monitoring Program funding. 
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user agencies assuming all lead roles. These changes arc likewise reflected in the total program 
funding as indicated in the five mqjor development areas of figure 29. 

Good public relations is considered an essential component of the management plan. The 
wildlife area is particularly sensitive because of potential criticism from conservation and animal 
welfare groups. To a considerable degree, such criticism can be avoided if the groups can be shown 
that the goal of the program is in large part, conservation, and that the welfare of the animals is a 
high priciiiy item. The groups can be informed in various ways, sometimes best through the 
investigators, many of whom already have links with them. The NASA Public Relations organiza- 
tion will, of course, have an essential role and will keep in clos». touch with activities both at 
Headquarters and at the centers. OA, MM, and the Office of ine Administrator will be kept 
informed by the centers as each experiment gets underway. 
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INTRODUCTION 


Purpose of the Report 

The purpose of this report is to shew the importance of our wildlife 
resources and to show that their management, conseration and rational use 
are national goals based on laws, treaties and agreements binding between 
the United States and other countries as well as upon agencies at the 
state and federal levels. In order to fulfill the intent of their commit- 
ments federal arid state agencies (herein referred to as USERs) have 
established programs for which information is needed on habitat, census ing, 
movement, location, physiology and behavior of animals and their populations . 

The report reviews the application of technology to these programs, 
shaving ha; instrumentation systems and techniques can be matched with 
specific requirements for bi logical data. Engineering to improve presently 
used wildlife management methodologies and ways of rectifying their limita- 
tions are also discussed. Applications, uses and costs and benefits are 
presented in detail as well. 

rwo systems, RMS and Otrega/OPLE , were selected by consensus as having 
the greatest capability and best specifications for locating animals and 
receiving needed biological and environmental data from the largest variety 
of animal types inhabiting terrestrial, aquatic and aerial habitats. 

Animals to be used in the program were arrived at by consensus on the 
basis of criteria described in Chapter III. 

Development and fabrication of animal package instrumentation were 
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discussed. The needs of USERs were analyzed in terrrs of the required 
degree of miniaturization, type of packaging and harness necessary for 
use, with little or no modification, on the smallest (feasible) as well 
as the largest animal to be studied. 

The inportanoe of good public relations is recognized, and suggestions 
for assuring favorable public response are presented in Chapter V. 

Significance of the Program 

For the purpose of this report, "wildlife resources” refer to animals 
found or managed in a largely wild state. Thus they include traditional 
wildlife — wild terrestrial and aquatic vertebrates (manuals, birds, 
reptiles and fish) , along with their habitat — wild flora, wild inverte- 
brates and domestic livestock under open range conditions and including 
those range conditions. 

The resources are closely interrelated. Each is an integral component 
of a natural or man-modified ecosystem. Ultimately all are components of 
the bioshere, and significant alteration of any one component will have 
some ijrpact on the equilibrium of the entire system. Each resource plays 
a role in maintenance of the health and stability of our global life 
support system, although with our present state of knowledge, it is rarely 
possible to define that role with any precision. 

Wildlife resources arc a oorplex and living form of national and 
international wealth that can be renewed or destroyed. They can be managed 
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to moet the numerous needs of our society — including their role in main- 
tenance of environmental health and quality. 

Information gathered by the proposed techniques will be applicable to 
improving corrmercial harvests of wildlife resources which are major factors 
in the world's food supply. It will also be inportant for the management 
of non-carmercial wildlife resources which contribute to a very large and 
significantly increasing range of recreational/ aesthetic and educational 
uses. These include, among others, the relatively stable demands of hunting 
and fishing and the rapidly expanding nanconsunptive uses of wildlife, 
including tourism. Many species serve as sensitive indicators of environ- 
mental degradation such as increasing pollution. These species also need 
to be identified and their presence detected. 

Limited success in dealing with wildlife has been achieved through 
the work of wildlife biologists using visual observation methods and sirrple 
measurement techniques to understand the details and requirements of animal 
life. Much additional effort is needed in this area today. Yet this kind 
of work is enormously time-consuming and has required the efforts of genera- 
tions of specialists. 

• 

The synoptic views, the resolution and the near continuous data 
gathering capability of satellite systems, as well as the data reduction 
irethods offered by space technology, may well provide our only possible 
route to understanding and managing wildlife resources and their habitats a 
and enhancing the possibility of meeting the continuous and growing need 
for recreational and commercial benefits of the resources. 
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Ground radio tracking and biotsleiritry of the physicology of animals 
have already made same contributi ons to an understanding of animal migratory 
behavior. Yet many problems remain unresolved because of the limitations of 
ground and even aircraft tracking technology. Satellites permit tracking 
and monitoring of wild animals on a worldwide scale during the day and night 
and in all seasons. C obal coverage is attainable in a single day or less, 
and neither bad weather nor inaccessibility deter operations. 

Tracking can be accomplished where animals are in rc-jO^-d terrain, birds 
are making lengthy migrations at high altitudes or marine animals are 
covering great distances at sea. Satellites are suitable for automatic and 
regular recording of data over a long period of time, especially for wide- 
ranging animals, and can gather data almost simultaneously from a large 
number of instrumented animals of the Seme speies, either widely separated 
or in a herd. On a realtime basis satellites can monitor numerous animals 
and their -invixonments over extensive areas such as a desert, grasslands 
or the length of a large river system. V.riile tracking is being done, optical 
surveillance of an animal's environment can also be made, with both 
electronic tracking and optical surveillance contributing to fuller and more 
fruitful results. 


61 



CHAPTER I 


NATIONAL NEEDS flKD APPLICATION 
Legislation 

National n cognition of the importance of wildlife resources and the 
increase of public pressure for their conservation have resulted in a 
record volute of legislation over the past few years. A list of particularly 
pertinent laws, treaties and international agreements is given in Appendix 
C. Extracts from a few cure listed below (underlining added) , mentioning the 
specific data required to fulfill the laws: 

• Convention for the Establishment of an Inter-American Tropical Tuna 
Ccmnission (p. 81) 

Article II. "The comnission shall... 

1. Make invest gations concerning the abundance , biology , biometry , 
and eoology of. ..tuna in the waters of the eastern Pacific 
Ocean. . . " 


• International Convention for the Northwest Atlantic Fisheries (p. 81) 
Article VI. 1. "The Oomnission shall... 

a. make such investigation as it finds necessary 
into the abundance , life history and ecology of any 
species of aquatic fish . . . " 

• International Convention for tl._ toitservation of Atlantic Tunas (p. 81) 
Article IV. 1. "In order to carry out the objectives of this 

Convention the Concussion shall be responsible for the 
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study of the populations of tuna and tuna-like fish... 

Such study shall include research on the abundance , bio- 
metry and ecology of fish; the oceanography of their 
environments; ..." 

• Marine Kanral Protoctlcn Act, P.L. 92-522, October 1972 (p. 85) 

Sec. 1362 (2). "The terms 'conservation' and 'management' mean the 
collection and application of biological information for the purpose 
of increasing and maintaining the number of animals within species 
and populations of marine manuals... Such terns include the entire 
scope of activities that constitute a modem scientific resource 
program, including, but not limited to, research , census , law enforce- 
ment , and habitat aerruisition and irprovenent. . . " 

Sec. 1373 (d) (1) “...the Secretary (of Ccrmeroe) shall make 

available to the public — 

(1) a. statement of the estimated existing levels of the species 
and population stocks of the marine normal concerned:..." 

e Gonvenv i *n on Nature Protection and Wildlife Preservation in the Western 
Hemisphere (p. 81) 

Article IV. "The Council shall ...untertake . . .cooperative research 
and development projects... (for) proper utilization of living aquatic 
resources 

• P. L. 86-686, (Research and Education Relating to Fish and Wildlife) 

Sec. 5: That such experiments and investigations as may be necessary 
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in detennining the life histories and habits of forest animals, birds 


and wildlife..." 


USERS' Stated Needs 

As sliown above, the missions of most federal and state agencies are 
specified in legislation requiring programs for the management, protection 
and proper use of wildlife resources and habitats within their jurisdiction. 
The USER agencies, in meetings with NASA in December 1972, February 1973 
and repre = entatives of the scientific and technological oomnunities in April 
1973, described their major data requirements for fulfilling these missions. 
They are: 

• Animal census ing and population synamics; a continuing 
check on the health and vigor of anirals and their 
populations; 


• Location of animals to determine migratory paths, speed and 
direction of movement; changes in movement patterns during 
stages of their life history; 

• Habitat characterization; description , mapping and determina- 
tion of the boundaries of aninals' ranges; 

• Physiology; baselines for detecting changes relating to 
v a 1th and vigor; physical analogs of biologic systems; 

• Behavior within the habitat; feeding and breeding; reaction 
to environmental changes. 
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In the past such data requirements could not be acquired for most 
animals except in a limited way by visual observation on the ground, 
banding or other means of tagging, photography or visually from low- 
flying aircraft, clues from known behavioral patterns and otter less than 
satisfactory methods. 


The breadth and scope of the required data plus the widespread spatial 
distribution of data sources have necessitated new methods and applications 
of appropriate technology. In this report the problems of census ing, 
detecting and locating animals and monitoring their physiology and behavior 
arc given greater emphasis than habitat characterization, since the latter 
can be accomplished to a useful extent by EKTS-like systems and facilities 
already avail or in the planning stage. 

A ccrplete list of the USERs of aerospace technology and their state- 
ments of data needs are given in Tppendioes A, D and E. Major interests are 
also shewn in Table 1 (p. 66). A few examples are presented here: 

• Organizations within the Departments of Cotonerce, Agrit ire and 
the Interior and within fish and game departments of many states are 

ccmitted to improvement of domestic stock and free-living animals on 

% 

rangelands. Telemetry permits the location of large terrestrial 
mammals and the tracing of their seasonal migrations and other move- 
ments. From this information responsible officials can predict where 
roads, dams and construction sites are likely to contribute to hazardous 
situations and where vegetation is liable to be trampled, etc. In 
Alaska the location by satellite of caribou herds can save Eskimo 
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villagers much tine and dangerous activity in finding winter sources 
of meat. In addition to the animals themselves, their habitats must 
be measured and characterized with respect to quality and oonposition. 
These factors can often be determined by monitoring for the presence 
or absence of indicator species. 

These USER agencies are also concerned with problems related to the 
spread of diseases which are transmitted by or attack livestock or poultry. 
Potential disease reservoirs must be located and their migratory patterns 
traced. If individual animals or herds can be pinpointed for time and 
location, their speed and direction can be determined and predictions made 
about the spread of the disease. 
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Table 1. WILDLIFE RESOURCES MONITOR: 
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COAST GUARD 
USN 



The National Oceanographic and Atmospheric Agency in the Department of 
Commerce requires methods for irv?asuring and monitoring marine resources: 
fishing productivity, fish population density and vigor, migration routes of 
commercial and sport fish, related fish behavior and physiology, effective- 
ness of catch methods , identification and location of polluted vat ». masses 
by indicator and sentinel (deliberately placed) organisms, and condition of 
large marine animals, many of which are endangered. Location of fish 
schools on a real-time basis will direct fishermen to the most productive 
waters; location of fish schools inshore during egg-laying season will 
identify small fry habitats, allowing officials to take necessary pre- 
cautions against industrial and human pollution and other disturbances. 

The bureau of Sport Fisheries and Wildlife of the Department of the 
Interior has statutory requirements for studies (sene with NQAA) of predators 
and other animals and their habits, migration, behavior and populations 
(polar bear, sea otter, walrus, manatee, caribou and birds) ; and for assess- 
rent of the effects of pesticides on birds and fish and of the movements of 
wildlife and waterfowl migrating between the U.S. and other countries 
(especially Canada and the U.S.S.R.) . The latter responsibility it shares 
with the State Department. 

The Corrruni.cable Disease Center of the Public Health Service in the 
Depar tment of Health , Edc-ation and Welfare needs information about migrant 
animals spreading various diseases: equire encephalonyelitis, Newcastle 
disease, Dutch Duck plague (which killed 30,000 ducks in 15 areas of South 
Dakota in Jen. /Feb. 1973) , hog cholera, cattle fever , ticks, hoof and nouth 
disease, rinderpest, African swine fever and other diseases of swine. 
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ORIGINAL ro 

POCR Q ^.irTY 

Diseases carried by insects and other animals which infect humans also must 
be monitored so they can be controlled. 

The Atonic Energy Comission ' s concern is with the location of pewer 
plants in areas where an adverse effect on local animal life is probable. 

The Corrmission needs to knew whether there are schools of fish that might 
be killed or driven off by an increase in water teirperature from the plant's 
cooling system. 

The Department of Defense has many and widely varying contacts with the 
environment in the realm of personnel health and safety and management of 
the vast land and water areas under its control. Bird hazards to aircraft 
pose a constant threat to life and cost millions of dollars in lost equipment 
each year. Locating bird flocks on a time, speed and direction of flight 
basis can warn of potential danger in aircraft lanes to commercial , private 
and military aircraft. The Federal Aviation Agency and the Interaaency 
Caranittee on Bird Hazards to Aircraft are also vitally interested in this 
application of space technology. 

The U. S. Army Corps of Engineers must avoid deleterious impact an 
wildlife from land dunping, reservoir construction, water impoundment, 
channel modification and chances in wetlands and land configurations along 
migration routes and on breeding grounds. 

The U. S. Navy is constrained to maintain shore installations, especi- 
ally in remote areas and on islands where nun's impact oould be especially 
damaging to local animals. Information cr. the distribution and migration 
routes of marine normals, sharks and noise producing fish is important, 
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especially when and where large concentrations of these species occur, since 
they may interfere with the operation of underwater equipment. 

Applications 

The data gathered from position/location and monitoring systems will 
have even wider application than the specified needs of ISERs. In a more 
general way they will have application to coirrerce in: 

• Improvement of ccrnrercial productivity in the management of food 
resources (including animal protein, fisheries, agriculture and 
forest crops) and non-food animal products (including leather, 
furs, bone, bone meal, oils and lubricants). 

e Improvement in the management of domestic species on rangelands. 

• An increased base of knowledge for regulations and activities 
regarding the recreation industry (including hunting, fishing, 
photography and zoos) . 

e More effective violator control. 

• Detecting effects of too much grazing, hurtting or fishing and 
assisting regulating agencies to determine effective "bag" limits, 
additions to endangered species lists or changes in methods of 
regulating commercial fish catch. 

• Detecting changes in ecology or food sources due to contaminants, 
pesticides or other types of pollution. 
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• Dete mining the carrying capacity of land being used for both 
domestic stock and agriculture. 

• Forecasting overgrazing, the formation of deserts, etc. 

Applications are also found for problems of disease, public health and 
welfare such as: 

• Pollution control, by enploying indicator species or sentinels 
(species deliberately introduced because of their sensitivity to 
specific kinds of pollution) . 

• Plant and animal diseases carried by migrating animals. 

• The concentration of pollutants in body tissues because of contaminated 
food. 

• Wildlife as a source of medicinals . 

Further application in biology and medicine are: 

• Use of wildlife biological systems as analogs for human physioology 
and behavior (adaptions of deep diving manrals, navigational ability 
of migrating animals, etc.). 

• Improvement of environmental quality. 

Applications in land use concern: 

o Competition among domestic stock and wildlife as well as between 
agricultural and natural lands. 
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• Allocation of grazing and forested lands for domestic and wild 
stock as well as for grain crops and for habitats and food for 
waterfowl. 

• Proper use of land, including waterways and ponds to alleviate 
the problems of migratory birds feeding on grain crops. 

• Proper use and allocation of grazing areas to minimize the danger 
of overgrazing and even, ultimately, creating deserts. 

Further applications of data on wildlife behavior and ecology are in 
such problem areas as: 

o Land use in construction practices (housing developments, reservoirs, 
dams , roads , oonrrunication facilities) . 

e Agriculture and urbanization. 

G Conservation and agriculture. 

« Conservation and tourism. 

g Agriculture, grasslands and forest management. 

Applications in tourism, travel and recreation occur in the: 

• Inpact on the environment from canping, fishing and hunting. 

g Effect of tourism and conservation practices on wildlife ranges 

and habitats. 
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6RK3INAJ. PAGE 19 
OF POOR QUALITY 

© Management of game preserves and zoos. 

• Impact of recreation on the well-being of the human population. 
Applications in ecosystem response are: 

• Improved understanding of the interdependence of food chain organisms. 

© Effects of the accumulation of contaminants in the environment and 
in animals and plants. 

© Energy transfer within and between ecosystems. 

© Effects of accidental or premeditated ecosystem and modification such 
as stripmining, stream damning, deforestation, etc. 

Applications for legislation are: 

© Design of effective policies and regulations for dealing with 
wildlife and wildlife habitats. 

© Surveying and regulating fishing activities in waters of interest 
to the United States. 

© Formulation of international agree 'snts wftich recognize the 

ecological implications of regulating fishing in international 
waters and which deal with migration of disease-carrying animals 
across national ’joundaries , as well as with conservation of species 
crossing boundaries or living in the open ocean. 
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aiAPTCPii 
POSTS AMP BENEFITS 

Benefits from the program derive fran improvements in efficiency and 
economy of data acquisition and in greater understanding, conservation and 
inventory. Remote sensing capabilities are already accomplishing tasks that 
are not possible with direct or surface-based techniques or that can do a 
far better job, frequently with significant gains in efficiency and economy. 
For example, making a single transect of the world's oceans by ship requires 
many months of planning and execution at a cost corrparable to that of a 
satellite making continuous daily transects, each far more comprehensive 
than is possible by ship. Application of the technology will be essentially 
continuous. A relatively short term investment in application or develop- 
ment of relevant technology will produce critically needed long term returns. 

Benefits are evident especially when the economies affected are compared 
with existing research and monitoring efforts. Gains including greater har- 
vests, decreased loss or more effective preservation are derived from better 
understanding and conservation management of resources. Areas of major 
benefits have been identified, providing seme perspective on the magnitudes 
of both the costs and benefits involved. 

Aquatic Species 

The annual world fisheries harvest amounts to about GO million metric 
tons (Hef. National Fisherman, Sept. 1973) . Included in this is the $450 
million per year U. S. Yollowfin tuna industry. (In 1967 commercial fish 
landings worldwide were worth $2 billion, the U. S. Fin fish catch being 
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worth $170 million. (Ref. R. Vf. Bell, "Relation of the Production Function 
to the Yield in Capital for the Fi ;hing Industry — Recant Development and 
Research in Fisheries Economics , 196 ") . In addition to cormercial 
fisheries, the salt water sport fishery in the U. S. also has high economic 
value (523 mi Ilian recreation days were spent in salt water sport fishing 
in 1967) . Supplies and services purchased for the snrt in 1965 equalled 
$575 million, and the sport catch amounted to 740,000 u ons (CEQ estimate) . 

Many fisheries have now declined drastically due to overfishing and/or 
other factors. Die of the more extreme cases in the whale fishery, which 
at one time provided about 3.5 billion pounds of products a year worldwide. 
Shellfish are likewise valuable (the U. S. oyster industry is worth some 
$50 million per year) , and perishable — oysters cure especially vulnerable 
to pollution. The recent ban on claming in the Chesapeake Bay because of 
pollution cost an estimated $5-10 million a year (Ref. National Fisherman , 
Sept. 1973). 

Schooling fish fisheries such as tiie anchoveta off Peru (about 12 
million * trie tons a year at its peak) have proven capricious and difficult 
to predict or oontrol. The Peruvian anchoveta fishery in 1970 accounted 
for 22 peroent (about 460 million tons) of the'world catch. In 1972 it 
produced only 112 million tons (Ref. C. P. Idyll, Scientific American , 

June 1973) . Anchovetas are a major factor in the cattle feed inaustry, 
and their decline has contributed to price increases and shortages that hr x- 
swept the world cattle industry and have struck hard at the U. S. Economy . 
The cyclic rises eind falls in the anchoveta industry n<_-~. to be understood 
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worth $170 million. (Ref. R. W. nell, “Relation of the Production Function 
to the Yield in Capital for the Fi siting Industry — Recent Development and 
Research in Fisheries Economics , 1967") . In addition to comercial 
fisheries , the salt water sport fishery in the U. S. also has high eccnatiic 
value (52- million recreation days were spent in salt water sport fishing 
in 1967) . Sucpl:'. s and services purchased for the sport in 1965 equalled 
$575 million, and the sport catch amounted to 740,000 tons (CEQ estimate) . 

Many fisheries have new declined drastically due to overfishing and/or 
other factors. One of trie port extreme cases in the whale fishery, which 
at one time provided abou ~ billion pounds of products a year worldwide. 
Shellfish are likewise valuable (the U. 5. oyster industry is worth some 
$50 million per year) , and perishable — oysters are especially vulnerable 
to pollution. The re _nt ban on claming in the Chesapeake Bay because of 
pollution cost an estimated $5-10 rullion a year (Ref. National Fisherman , 
Sept. 1973) . 

Schooling fish fisheries such as the anchoveta off Peru (about 12 
million •netr.ic tons a year at its peak) have proven capricious and difficult 
to predict or control. The Peruvian anchoveta fishery in 1970 accounted 
for 22 percent (about 460 million tons) of the ‘world catch. In 1972 it 
produced only 112 million tons (Ref. C. P. Idyll, Scientific American , 

June 1973) . flnehovetas are a major factor in the cattle feed industry, 
and their decline has cent daubed to price increases and shortages that have 
swept the world cattl° industry and have struck hard at the U. S. Economy. 
The cyclic rises and fails in the anchoveta industry need to be understood 
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in order to permit predictions and good management. 


If useful knowledge of such fisheries could be obtained from the 
wildlife monitoring techniques suggested here, economic stability around 
the world would be enhanced. 


Not only would the fish catch in open water be more predictable, but 
the increased knowledge of life cycles and larval distribution could 
provide a basis for a prof cable fish faming enterprise. 

The yellowfin tuna seine industry ($2 billion per year in terms of 
national cash flew) is highly dependent upon porpoise Sv bools. By using 
them as beacons of tuna schools swiitming beneath, fishermen are able to 
increase their efficiency fivefold, crucial in this highly competitive 
business. Yet the porpoises are destroyed at the rate of about 300,000 
per year by becoming entangled in fish nets. There is also a fear that 
porpoises may becans subjects of direct exploitation. For these economic 
and conservation reasons the porpoise population must be monitored. 

The decimation of whales, especially in the An tart ic, has undoubtedly 
contributed to large population increases in species such as the crab eater 
’ seal, which also feeds on krill. These animals now face major exploitation, 
but little is knewn of their population structure or numbers. 

Portions of the oceans that are more or less compartmentalized — 
water bodies such as small seas, gulfs and other small water masses — 
need coherent management of their ecosystems. Contiguous nations are caning 
to understand that they must cooperate to preserve these regions. Data 
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gathering and processing needs are very great, as are the international 
values involved. 

For example, the Bering Sea, which lies over the largest continental 
shelf in the world and hence is very productive, is new a burgicning 
fishery exploited by t_ e U. S., Russia, Korea and Japan. It is very 
vulnerable to pollution and overexploitation , and the need for effective 
ecosystem monitoring is critical. Countries using the Bering Sea fisheries 
now operate under cormercial fishery pacts and treaties based on wholly 
inadequate, non-systematic data. The inadequacy of the information for 
practical management of the Bristol Bay salmon fisheries is seen in the 
decline from a $50 million dollar per year industry to $2 million per year. 
And the 1973 salmon fishery yield is the lowest on record since the turn of 
the oentury when management began. Both the California sardine and the 
Hokaido herring industries, which cnce produced a very high yield, are new 
almost decimated because of lack of knowledge about the schools, which 
resulted in severe overfishing. 

Benefits from inventorying and monitoring fish fry in coastal zone 
habitats in 1969 were estimated at $15 to 20 million; iirproved and more 
' intensive management will raise the value to an estimated $25 to 34 million 
in 1973 (Ref. "Cost/Benefits Study of Earth Resources Observation Satellite 
System - Costal Management”, prepared for RCA-AED, Prince ten, N. J. , June 
30, 1969, by K. Heiss and E. J. Greenblat). . 

Present methoi _>f population analysis for marine animals are very 
expensive in time, money, equipment and manpower and are inadequate (see 
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pages 41-42). Yet because of the crucial nature of the resources involved, 
widespread work is still carried out with old methods. 

In a 1969 tuna study it was estimated that if there were a 59 percent 
reduction in search tine and a 25 percent increase in catch per trip, there 
oould be about a $2 nil lion reduction in annual operating costs and $6.4 
million reduction in fleet investment (Ref. V. J. Norton, '' Some Potential 
Benefits to Gorrercial Fishing through Increased Search Efficiency: A Case 

Study" , prepared for the U. S. Geological Survey, January 1969) . 

Shiptime is enormously expensive $2 - 4,000 per day or .75 to 1.5 
million per year per set of data points) for even a modest research vessel, 
exclusive of scientific staff and other expenses. Dozens of such ships 
may be required where a sing" e satellite operation would suffice. Remote 
sensing through aerial and satellite surveillance would not only give much 
better coverage but oould also produce real-tire, essentially synoptic data 
over great geographic areas. Because ocean dynamic processes and distribu- 
tions can change rather rapidly, these methods open new research possibilities. 

Accurate and fast sensing, relay and data processing systems are needed 

to provide the real-time data needed for management of catch and escapment 

* 

rates. More and improved data to back up management and bargaining 
decisions at state and intemation levels '"an be gathered from remote, 
hostile seas by centum ication relay and other satellites that can give 
synoptic views of remote areas. 
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Oonnerc i al Harvest of Terrestrial Wildlife Resources 


Domestic range animals, predominantly cattle and sheep, are largely 
unsupervised and have many characteristics in common with wild species. 

They share rangelands and, in some cases, coupe te for food with wild species. 
Degradation of rangelands through overgrazing or other factors usually 
affects both wild and domestic species as well as the land itself. In 1968 
graxing land in the United States amounted to 68 million animal unit months 
(AIM) ,,and the land value in forage was about $1.7 billion. Annually the 
value of forage is about $180 million (Ref. "Economic Estimates - 1968") . 
Application of remote sensing capabilities to wild rangeland management can 
produce direct benefits through continuous inventory and monitoring of 
resources to assess habitat suitability as related to animal populations and 
other use pressures. This results in management inform, ticrn which can be 
used for direct economic exploitation of a multiple use wile und resource 
which includes domestic livestock. Information useful to assess biological 
and environmental suitability for range wildlife and livestock is precisely 
the sane information that resource managers use for wise "harvesting" of 
resources. For exanple, cost/benefit studies currently being performed in 
the Earth Resources Survey Program in the categories of forest and range 
inventory will be directly applicable for assessment of habitat suitability. 

The proposed physiological instrumentation of indigenous and sentinel 
species should provide indirect information on site quality. The number of 
hours that animals engage in feeding is related to the abundance and quality 
of the food supoly. While this may be a particular group of plant species, 
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it is quite feasible and reasonable to use botanical ecological relation- 
ships to derive inferential data on the total habitat. However, the 
number of animals in any population that must be instrumented to provide the 
necessary statistical confidence in data as applied to the entire territory 
of the species must be determined. 

The total capital value of U. S. domestic range animals is about 
$1 billion (CEQ) . Benefits related to range livestock could be more 
efficient and/or less destructive use of rangelands, better use of supple- 
mental feed, fewer winter deaths and less summer dehydration, high 
reproduction rates and decreased research and monitoring costs to federal 
and state governments. 


Recreational Values 

Recreational benefits from proper wildlife management include 
photography, nature study, carping and hiking, sport fishing and hunting 
and associated travel and tourism. Benefits can be determined in terms 
of direct capital expenditures of equipment and travel, of the value of 
pertinent industries and in the social benefits to the public. An example 
of the recreational contribution is the addition of an estimated $1,000 + 
to the coonorry of Wyoming for each elk taken by hunters, who shoot about 
3,000 a year. 

It is also necessary to keep abreast of increases in demands for 
consumable recreational species. For instance, the 25 percent of the U. S. 
opoulation who fish for sport today spend about $3 billion per year (Ref. 
Heiss and Golcblat, 1969) . The number of anglers is expected to increase. 
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Meeting their increased demand will require more information about fish. 

Many wildlife species found in national parks, national forests and 
wildlands satisfy the aesthetic desires of an increasing number of persons 
and benefit businesses catering to carping, touring, photographic equipment 
etc. 


The extent of interest in wildlife is shown by efforts made in develop- 
ing wildland recreational facilities. For instance, one-third of our 
nation's land is federally cwned and includes 181 million acres in national 
forests, 6 million acres in national grassland, 84,000 miles of fishing 
rivers 15,000 natural lakes (1.5 million acres) , 3,200 reservoir erpound- 
ireots (1 million acres) and 15,000,000 acres of wilderness area, all of 
which are vised for wildlife-based recreational activities (Ref. Third Annual 
Repor. on Environmental Quality , CEO) . 

Public Health, Safety and International Trade and Associated Use 
of Indicator and Sentinel Species 

Animals have historically been used as sentinels of environmental 

dangers, the classic case being the canary in the coal mine. Currently 

« 

many animals are used in pesticide monitoring because their sensitivity is 
so great, they respond to very small amounts of dangerous material. Animal 
diseases can affect humans indirectly through the food chain or directly. 
Tubercular spondylitis, for example, would not have been controlled in 
^'ivdren without the successful eradication of tuberculosis in cattle. The 
. c pic be eradication of a disease, i.e., the finding of the last 
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infected animal, is very high. Fortunately, in the typical public health 
Diogram it is possible to establish a monitoring program utilizing indicators 
and sentinels which keep the health servioes informed about the presence and 
spread of a disease. Even though the disease organism has not been 
oonpletely eradicated, the disease can usually be kept under control. 

Instrumenting animals to detect rises in temperature , decrease in 
feeding when food is available and other physiological responses to 
infectious disease could signal the emergence of a disease before it spreads. 
Monetary savings could be enormous. 

The alternative of disease control and eradication is exemplified by 
cost/benefit studies performed on hoof and mouth disease. Any country with 
the disease can expect to lose 25 percent of the value of meat, milk and 
other livestock products. (An outbreak in the U.S. would cost $250 million.) 

In other disease situations, e.g. , multiple host diseases, disease 
emergence data would permit the start of immunization programs in time to 
protect alternate host species, animal or nan. 

Of direct interest to public health and safety is the problem of air- 
craft collision with birds. . .c U.S. Air Force alone has estimated this 
proglem costs them several mill' on dollars annually/ let alone loss of life. 
Where migratory routes are involved, airlines oould adopt routes to avoid 
birds. Mapping and monitoring migratory routes is feasible with modem 
cameras and film. Census information is now obtained with these systems 
for sotto species, but even in the case of the whooping crane, the migratory 
route is only crudely known. This problem oould be solved inmediately by a 
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conbination of telerretry and modem remote sensing systems. 


Remote sensing can have inportai.t implications for international 
cooperation on disease control. Animal diseases do not recognize national 
boundaries. Cannunication between countries on disease incidence exists. 
Reports are prepared by the Organization of Interna tion Epizooties (O.I.E.) 
monthly and distributed to all member countries. Explosive disease out- 
breaks are reported at once by the fastest available ccmnunication means. 
Instrumentation of selected domestic and wild species can help this vital 
international system. 


Endangered Species 

Most, thougn not ail, officially designated endangered species are 
insignificant both in terms of biomass and numbers. Considering this 
their value lies in four areas: 

(1) potential productivity and commercial value should 
species recover; 

(2) maintenance of unique genetic strains; 

(3) potential contributions to the ecosystem; 

(4) social values. 

A few species fit in the first category, such as great whales , bison 
and muskox. But the tiny honey-creepers (birds) of Hawaii, even if 
restituted, must be judged on seme other basis. It is difficult to assess 
the value of genetic conservation except as a contribution to improved 
domesticated forms. The bison, for exanple, is now being used for crosses 
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with beef cattle and as such nay be of considerable importance. 

It is likewise difficult to assess the potential contributions of 
endangered species to an eoosy stem's health and stability. However , 
because of social values we have a need to preserve endangered ipecies. 

To the legislator the public pressure resulting from social concern is 
paramount. 

Many people feel the world would be of lesser value if man were to 
cause the extinction of the California condor, the jaguar or great whales. 
Their indignation has caused the passage of the Endangered Species Act, 
among other legislation, and has resulted in a wide ranging program for 
preservation. 

Millions of dollars have been spent for intangible benefits derived 
from preservation of endangered species. The Forest Servioe has in some 
cases set up protected areas around bald eagle nest sites and forbidden 
logging there. Highways have been rerouted to avoid hahitats of endangered 
species. 

Improved management through monitoring would prevent species from 
becoming endangered, and such costs would not have to be incurred. 

Scientific Benefits and International Transfers 

The majority of the practical benefits described in the preceding 
sections will result from, the formidable increase in knowledge and under- 
standing of wildlife and its ecology. 
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The ability to monitor species in reasonable numbers and to record 
their environment simultaneously will permit more precise determination 
of the way environmental factors modify their health, populations, behavior 
and physiology. Conversely, the influence of animals on the environment wi 
will be better understood. 

It will be possible to construct models of the particular ecosystems 
involved, and these models in turn will permit predictions of the way 
natural environmental changes or human intervention will change the popula- 
tions, distribution and behavior of a species. Predictions will then be 
further tested to verify and improve the models. 

The oarbination of wildlife monitoring by radio tracking and remote 
sensing will permit, for the first time, good statistical determinations of 
wildlife populations and behavior patterns, without which it is often 
impossible to apply observations of a few animals to the biology of a whole 
species. 

Increased scientific knowledge of wildlife species could be obtained, 
in a limited number of cases, with conventional field observation techniques 
from the ground or oceanographic vessels. However, the cost of such 
observations would be far greater when corrpare'd to that of aerospace 
technology. 

While most of the speci ic projects proposed for individual species in 
this program refer to wildlife of national interest, the techniques will 
usually lave application to species anywhere and will therefore be o r 
considerable value to other nations and to improved ur.de rs tanding for 
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hydrology, geology, oceanography, agriculture and forestry, so will the 
program developed here foster an international structure for wildlife 
science and corresponding benefits for all nations involved. 

Compliance with Legal Requirements for Environmental Quality 
and Resource Availability 

The United States is committed to maintain or iirprove environmental 
quality and to husband its natural resources. Many laws and regulations h 
have been promulgated at all levels of government, stemming largely from 
recognition that benefits — improved quality of life — will inevitably 
accrue. 


Quality of life is measurable in simplistic terms such as the quantity 
and price of meat on the table or the ability of the air to sustain life, 
or in extremely complex (and as yet only partially understood) terms that 
concern the maintenance of ecosystems for a maximum sustainable yield or 
the long-range ability of this planet to sustain human life. That these 
laws are needed and have already resulted in measurable benefits have been 
demonstrated economically and in other less easily measured ways. 

Vfe vail need new laws and regulations and Revisions of the They 

must be based on ever increasing information derived from the complex 
living systems they are to regulate or control, but there is decreasing 
time available in which to get the information. High quality technology is 
mandatory for producing high quality information which will lead to great 
benefits to mankind. 
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Many present laws already require the information this program would 
provide. Examples include fish and wildlife laws. Endangered Species 
Conservation Act, Marine Maimal Protection Act and National Environmental 
Policy Act. 

Carpi iance with all these laws entails very considerable annual 
expenditures by state and federal agencies. The estimated annual expenditure 
on wildlife management (not including domestic livestock) is now $140 million, 
and federal funding for environmental enhancement activities involving wild- 
life resources (excluding domestic livestock) in fiscal year 1973 is about 
$340 million (CEQ estimate) . 


Magnitudes 

Previous subsections point out that although some dollar figures are 
available, many benefits to be realized from improved wildlife conserva- 
tion and management are not quantifiable. However, even the few figures 
cited indicate that the annual cash worth of wildlife resources can be 
measured in billions of dollars and that annua] federal and state 
expenditures reach hundreds of millions of dollars. 
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ORIGINAL 

CHAPTER III OF POOR 

ANIMAL PRIORITIES AND HANDLING PROCEDURES 

Animal Priorities 

In order to make a vri.se selection of the species to be monitored and 
one that is neither arbitrary nor capricious, statutory requirements ’JSER 
needs and the broad ecological value of the information .equasted were 
considered based on the following criteria: 

o animals of special interest to the greatest number of federal , 
state and non-governmental groups; 
o those with relations to ran which require, urgent study, i.e., 
disease vectors and other hazardous forms; 
o those which are: 
endangered 

commercially valuable 

considered to have social or ecological impact; 
o likelihood of development of a practical monitoring system 
in the near future; 

* 

o feasibility of locating the animal of choice in the field. 

Where one ronitoring technique or piece of equipment had a broader 
application than others and where the animal of choice was representative 
of a category o: animils haveing similar characteristics, the rating was 
higher. 


QUAurrr 
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The 

1 . 


arf vs 

resulting priority list of animals is: ^[4. 

Waterfowl (geese, ducks, swans, etc.) Of 

Predatory carnivores (polar and other bears, mountain lions, 
coyotes, etc.) 

Mari-i‘ - manuals (porpoises and young whales, etc.) 

Rodents (prairie dogs, squirrels, domestic rats, nutrias, etc.) 


2. Raptors (large birds of prey, hawks, eagles, vultures, owls, etc.) 
Cattle 

Billfish (as prototype for other species, e.g., tunas, etc.) 

Deer (as prototype for other hoofed stock, e.g., antelope , caribou) 
Sheep (domestic and mountain, as prototypes for other species) 
Marine turtles 

3. Adult whales 


4. Pinnipeds (walruses , sea lions, fur seals, etc.) 

5. Schooling fish (salmon, anchovies, menhaden) 

6. Passerine birds (songbirds and perching birds) 

Shellfish 

7. 

7. locusts (as prototypes for insects) 


Shellfish (priority 6) and loexists (priority 7) were dropped from 
further consideration at this tine. 


Appendix F consists of tables showing the range, resolution and 
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frequency of coverage needed for each datum in order to obtain the 
information described in this chapter: 


o oensusing 
o location 
o behavior patterns 

o relevant physicological factors 

Oensusing was given top priority by USERs because their entire manage- 
ment plans depend on knowing the size of the population and its dynamics, 
i.e. , numbers, sex ratio and age classes, geographic range and dispersal 
patterns of component groups over the range. 

Oensusing of wild animals poses particular difficulties; problems are 
unique to each species and sometimes to populations within species. Birds 
are probably better known than most animals because of wide public interest 
in keeping counts during all stages o^' birds’ travels. Even so, the accuracy 
is inadequate for management purposes. 

Breeding bird surveys are sponsored by the Bureau of Sport Fisheries and 

Wildlife, the National Audubon Society and other organizations cm 1,800 - 50 

mile routes distributed throughout the U.S. These surveys rely on trained 

% 

observers identifying all birds heard or seen at prescribed spots during a 
pres 'ribed tire. 

For some species of diving ducks, geese, swans and also large herbivores, 
substantial percentages of subpopulations often winter in closely packed 
flocks. In such cases aerial photography, and sometimes estimates by 
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experienced observers in aircraft, are used. Another technique is 
banding, with mortality figures determined by band return from birds 
or whales killed by hunters. Indirect means are often necessary. In 
sate cases population levels of animals are inferred by determining the 
total area of a favorable breeding habitat, and then, through random 
sampling of these areas, the nurber of breeding pairs per unit area is 
determined. All of these methods have obvious limitations . 

Catch records of conrercial, schooling fish probably provide fairly 
accurate estimates of populations, but these are not sufficient for 
regulatory purposes. There are no such records for non-commercial and 
sport fish or those like tuna which are caught on hand lines. 

Present census ing techniques for large manuals rely cn traditional 
personal observation and relatively low altitude aircraft, visual counting 
and photography. These methods are extremely time consuming and expensive 
and are not applicable to animals which burrow or which live in forests, 
caves, underwater or among large rocks. 

Effective management of grazing animals such as wild and domestic 
cattle, sheep and deer requires information on an animal's physiological 
and behavioral responses to normal growth cycles of vegetation, as well as 
to various perturbations such as fire, overgrazing, cultivation and other 
alterations and to varying water regimes. Habitat management further 
requires information on the responses of vegetation, soil, etc., to animals, 
for example , the impact of different intensities and durations of grazing 
or browsing. 
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Migratory animals which travel considerable distances in remote terrain, 
such as whales, marine turtles, caribou and antelope, pose particular pro- 
blems of location, census and general ecological information which cue not 
associated with more sedentary animals. 

Predators are more difficult to monitor than grazing herds because 
they occur in smaller populations and their patterns of activity are more 
erratic. They may remain in the open when hunting but usually retire to 
dens and lairs during resting or breeding periods. 

Marine mammals pose still other problems, although those that cone 
ashore for breeding (walruses, seals, etc.) may be counted by the same 
oensusirtg techniques used for migratory waterfowl. For those that remain 
in the open ocean, sane unique and rather challenging problems or correla- 
tion between data obtained by aircraft or satellite and actual situations 
in the sea exist. In counting whales, for example , one needs to knew hew 
many animals are below the surface and inaccessible to counting in relation 
to those counted in order to knew the total population. 

It was concluded that oensusing, although of admittedly great irrpor- 
« tanoe, was not a problem susceptible to a simple technological solution 
until a better analysis of the parameters of the problem cound be worked 
out. Techniques presently in use — tagging, aircraft, radar, special 
cameras, radio- telemetry — will have to be relied on for the present and 
may eventually serve as relays to a satellite in a total surveillance 
system. A special survey and analysis of available and potential methods 
of using aerospace tedmology for oensusing should be made, and all avenues 
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of approach to this problem should be explored. 

Position/location is discussed in Cahpter IV, which als o contains a 
table shewing the preferred systems for each animal category. 

Behavior patterns and physiological parameters require direct sensing 
and microminiaturizaticn of the platform-carried instruments. These are 
discussed in Cahpter IV as well. 

Animal Handling 

In handling experimental laboratory or wild animals there are tvo 
basic principles to be followed at all times: handling must be 1) lawful 

and 2) in accord with those practices and procedures established to insure 
the integrity of behavior and survival of animal subjects. (Refs. Animal 
Welfare Act of 1966 and 1970) . It is mandatory that a licensed veterinarian 
supervise techniques and procedures conducted on animals in this activity. 

Traumatic Effects and Behavioral Alteration 

In order tc insure valid data, proposed projects should include 

measures designed to establish "normal” or baseline conditions in order to 

« 

be r able to measure the effect of instrumentation attached Or implanted on 
an animal subject. Such effects may be low level, chronic or acute, immedi- 
ate or delayed, induced by the stress of capture or attachment procedures. 

The presence of the instrumentation may subtly interfere with feeding, impair 
the animal's ability to evade predators, focus the attention of predators 
on the instrumented animal, or, in colonial animals, affect its social 


94 




"status" or cause other disruptions of the ecosystem. Non-ionizing 
raditions (e.g. , from radars at a distance or from telemetry in or on 
the animal have so far shown little effect on laboratory animals; however, 
data concerning the effects of high-powered radars are not available and 
should be aoquired. 
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CHAPTER IV 


NEEDED TECHNOLOGIES 


Technology developed by NASA 15 ) to this time is impressive. It is 
important to point out, however, the extreme difficulty of what is new being 
proposed. The breadth and scope of the biological and ecological informa- 
tion required and the exceedingly difficult constraints imposed by animals 
and their behavior make application of NASA's technology to wildlife 
monitoring a very challenging task. 

Over the past decade earth orbiting satellites have proven their 
value for acquiring quantitative data related to the earth and its 
environs. Significant technological developments have been accomplished 
in remote sensing and direct sensing capability. Tracking and data 
collection systems using radio communications on a global scale have been 
used to monitor remote unattended sensing devioes. For animal tracking, 
position/location techniques based on animal- to=satel litc measurements of 
range, doppler or through relay of navigational signals (e.g., Omega, 

Transit) have been considered. For stationary animals, physioological 
sensor readings can be made daily or hourly from local or remote areas. 

Development of those systems began in NASA in the 1960's. A constant 
NASA goal has been to devise techniques which could be used to meet broad 
needs, including those of organizations involved with wildlife monitoring. 
Thus technology has been evolved in various satellite systems for purposes 
which are different (e.g. , ship location) but which have similar requirements 
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(e.g. , animal location) . These multiple use technological advances offer 
USERs a variety of hardware to meet their specific needs. 


Physiological and Behavioral Sensors 

In studies of the physiology and behavior of animals and environmental 
inpacts on them, data which are needed include the following: 

Metabolic race 
Heart beat rate 
E.E.G 

Amount and rate of oxygen consumption 
Body temperature, external and internal 
Amount of intake and output of water 
Estrus or pregnancy status 

These data can best be obtained by sensors implanted in the animal or 
carried on its surface. Past NASA developments as well as dynamic efforts 
by medical engineers have produced a number of devices and sensor systems 
potentially appropriate for application to the wildlife program. 

The following chart shows the status of application and development of 
the sensors: 


97 




98 



Many of the parameters listed are interrelated, and the value of one 
parameter can often be inferred frcm other information. For example, 
knowledge of the surfacing of a porpoise gives a very close indication of 
respiration. Respiration can also be inferred from detailed heart rate 
information in many species. 

Technology Needed for Habitat Information 

The reciprocal influences of wildlife and their habitats are of basic 
importance to wildlife management. Establishment of the carrying capacity 
of an area will depend not only on the degree of activity of wildlife but 
equally on the area's productivity. Habitat characteristics must, therefore, 
be monitored cn a continuous basis to permit assessment of wildlife habitat 
interaction. 

EFTS -like muitispectral scanning will provide habitat data. However, 
ancillary data to provide ground truth improve the reliability of data and 
assist in interpretation of findings. Telemetry from ancillary systems is 
essential, moreover, in obtaining localized information on a real-time basis 
for incorporation into a larger, regional surveillance pciture. Data 
needed include: 

Vegetation type 

Extent and depth of water 

Wind speed and direction 

Air and water temperatures and other meteorological measurements 

Incident light, its character, intensity, periodicity and 
distribution 


99 



Ice and snow distribution 


Appendix F provides a full list of the requirements for habitat study. 

Technology Needed for Census ir.g 

Census ing, as discussed earlier, is a particularly difficult problem 
because of the enormous variety of factors involved. Some animals are 
generally in small groups, others in large herds or flocks. Some are active 
in the daytime, others at night. Behavior changes with the stages in an 
animal's development. Again, the use of ancillary systems in conjunction 
with satellite surveillance is likely to be the most effective for 
obtaining the required counts. 

In general program of monitoring marine animals, a network of ocean 
buoys serves as an ideal example of an ancillary data system. In essence 
it serves as an interface between an aerospace system providing position 
and/or data relay and the surface and subsurface environment. The functions 
that a buoy or network of buoys would provide are as follows: 

A platform from which environmental data (habitat) 
could be gathered; 

A platform for subsurf aoe monitoring (for exanple, an 
array of or single hydrophone for detection of the 
pasuage of acoustically tagged pelagic fish — tuna, 
sharks; 

A platform for automatic receiving equipment for 
radio-tagged marine mammals where satellite systems 
available do not have compatible time coverage (passes 
are too infrequent or too. short); 

Temporary storage of aoquired data for relay by satellite 
to shore stations. 
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Much of the required buoy and buoy-mounted sensor technology is 
available. The only engineering requirement is the interface between 
existing oceanographic data-gathering buoy designs with the appropriate 
acoustic or radio monitoring equipment. Directional acoustic and radio 
monitoring equipment exist. In the case of the radio receiver, interfa>-e 
equipment is ccmnercially available to provide digital bearing information 
to the data system. A terrestrial equivalent provides many of the same 
functions. 

Use of tethered balloons employing radio frequency receivers, power 
systems, distance measuring equipment and angle measurement detectors can 
provide a substantial increase in animal tracking coverage over that 
employed by conventional ground-based equipment. Tethered balloons have 
been enployed at altitudes of greater than 3,000 meters for periods of weeks 
during wartime operations and space physics experiments. Use of balloons 
for tracking marine life, such as the green turtles which travel 2,400 km 
in the Atlantic Ocean, may, however, prove not to be feasible due to the 
absence of land masses for balloon tethering. Tethered balloons may also 
be restricted in use where they may create aircraft traffic control hazards. 

Balloon tethering technology may be expected to improve to permit a 
doubling of the permissible altitude and a quadrupling of the range of 
animal tracking. If required, tracking and sensor data received at a 
balloon could be transmitted to a oonmunications-type satellite for relay 
to a data processing station located at a point distant from the region of 
the experiment. 
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Accurate and high speed systems combining NASA and NOAA systems can 
give real-time data to monitoring stations in re. t -e and hostile regions 
where fish populations are being managed on a day to day basis. Present 
NOAA techniques involve the use of an acoustic buoy hard-lined to a ship. 
The buoy counts all fish that pass through it sonar field and transmits 
the data to the ship. 

NASA has designed a system that utilizes a similar buoy which relays 
the count data from a scan to a shore-based station. Data are then relayed 
to a carpuiution center via a communications relay satellite and back to 
the fishery management station where catch and escapemant rates can be 
determined. Turnaround times must be short (24 hours) in order to produce 
the maximum cost/benefit to the USED carrmunity. 

Technology Needed for Position/Location 

In order to obtain the i Drmation needed for studies of the physio- 
logy, behavit habitat and census ir»g of wildlife, the subjects first must 
be located and their movements tracked. The movements of animals as 
individuals and as population units (herds, flocks, pods) are particularly 
significant. ' 

Both random and ordered systems are available for position/location 
in the NASA armamentarium. In addition, a variety of orbital arrangements 
are possible. Table 2 represents a tabulation of priority-ordered 
animals with required position/location resolution matched with appropriate 
aerospace systems. 
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Where real-tire or near real-time (hourly) data are needed, a 
synchronous satellite is cost suitable. Polar orbiting satellites would 
be used for animals living above 70° S latitude and where the paver, size 
and weight on the animal are critical (because of reduced path losses) . 
(Geostationary systems are also usable in these cases if la/ duty cycle 
timers are used to reduce energy requirements.) Polar orbiting satellites 
are also appropriate when daily or less frequent readings are required. 

A geostationary satellite is especially suitable for marine animals since 
only this sytem allows data to be fathered whenever the animal happens 
to come to the surface. 
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Doppler (PAMS) 
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The RAM* (Random Access Measurement System) is a new space technology 
ccnocpt for tracking of and data transmission from moving platfocos. It 
uses a ncn-ordered (no interrogation required) method vAxich eliminates 
tiie need for a receiver on the animal and greatly reduces power, weight 
and volume requirements of electronic gear. RM6 experimentation will be 
conducted on the Niirbus-F satellite in mid-1974 and, if successful, will 
be in c luded in future TIROS operational satellites. Additional USER systems 
development can further reduce the weight and size of the RAfE electronics 
applicable to a wide variety of wildlife. (RAMS characteristics are 
presented in Appendix F.) 

Ranging (IRLS) 

Hie Interrogation Recording and Location System is an ordered system 
requiring a receiver and transmitter. It has operated successfully in 
conjunction with the Nimbus 3 and 4 satellites to trade moving platforms, 
including the only satellite-tracked animal to date, an elk. This now 
proven concept requires additional miniaturization efforts to reduce the 
• size and weight of the tracking hardware. An animal's pcsition/location 
and the readout of its sensor data can occur at least once daily and usually 
more often enploying the IFkS/Ninbus system. (IRLS characteristics are 
presented in Appendix F.) 

Omeaa-OPUS 


The Omega-OPLE system (Omega Position Location Experiment) could be 
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applied in sore cases where animals axe traversing relatively short 
distances and their starting point is veil-known. There are potential pro- 
blems with multiple antennae an the aniral, highly miniaturized VI F (very 
low frequency) antennae, complexity of the animal pack and eventual 
development of techniques for simplified localization. With substantial 
successful development effort Cmega-OPIE has potential for broad application. 
Qnega-OPLE is further described in Appendix F. 

Ancillary Ground Network 

Numerous ground-based tracking sy st ems have been successfully employed 
to locate wildlife and could be used with modifications for other techno- 
logical functions. Tethered balloons have flown at altitudes o.. up to 
3,000 meters. With proper teleconinunication-type equipment, these balloc-s 
could significantly extend the tracking range of animals carrying presently 
used equipment. 

Large terrestrial radars have, to a lire ted degree, been employed to 
trade flocks of insects, birds and bats. The resulting information provides 
density estimates of a flock. The use of surveillance radar for application 
to transponder-equipped animals is in the research stage and experimentation 
is required. 

Existing radio direction finding systems consist of animal-carried 
transmitters emitting signals which permit range and bearing angles to be 
determined at the receiving station. The tracking range is limited due to 
the radio frequencies employed. Greater tracking range is limited due to 
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the radio frequencies enp loved. Greater tracking ranges are possible 
with systems operating at lower radio frequencies , but additional 
offtu t on smaller antennae is required. 

Most of the ground-based tracking techniques for animals are applicable 
to siort migration routes (less than 160 km) and are susceptible to radio 
aban pheric disturbances. Their successful operation, low cost and light 
weig: t make them desirable where appropriate. Further descriptions of 
ancillary ground systems are presented in Appendix F. 

«is analysis of Table 2 indicates an almost equal preference for the 
low orbit polar satellite and the geostationary satellite. Following are 
e, planations for the stated preferences: 

Small Whales and Porpoises 

The (X^GA/OPLE system on a geostationary satellite is 
preferred here because these animals surface frequently 
to breathe and are at the surface long enough for an 
ore .-red system to be effective. 

Waterfcx 

p >t i an ordered and a random-type system on low orbit 
polar and geostationary satellites are applicable; 
worldwide coverage is necessary for those animals. 

The simplest animal pack probably is the RAT® unit, 
from the viewpoint of ultimate weight, size minimiza- 
tion and worldwide coverage. RATS is also economical. 
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On the other hand, when long term studies are 
involved, enormoc ; savings in battery weight will 
accrue in the use of an ordered system because of 
sharp improvements in duty cycle. 

Rodents 

These have severe size and weight limitations but 
a relaxed frequency of coverage requirement. 
Ancillary ground networks will be useful because 
of the burrowing behavior of the rodents. The 
RAMS system appears appropriate . 

Polar and other Bears 

Ixequsncy of coverage requirements and the 
availability of many passes per day over the 
arctic habitat make the RAMS system appropriate. 

Predatory Carnivores 

Lav frequency of coverage requirements and wide 
spatial distribution dictate a RAMS system. 

Bili fish/tuna 

These animals rarely surface, and position/ 
location data can be obtained only by the use of 
ancillary equipment such as releasable, expendable 
transmitters. In this case either the RAMS or 
the Omega/OPLE systems are appropriate. 
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Deer (etc.) 

The Omega/OPLE system is preferred. Almost 
certainly ancillary ground networks will be 
used with these animals for collection of 
large amounts of data. 




Salmon 

Either the RAMS or Omega/OPLE systems are appro- 
priate. Data also may be accumulated by ancillary 
ground networks. 
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Passerines 


See Waterfowl. 

The RAi-S system has potential for immediate as well as future use with 
many of the animals listed. Tacit in this statement is that frequency of 
coverage will be limited to satellite overpass varying from once or twice 
per 24 hours to many passes as a function of latitude. Frequency of 
coverage can be improved with ancillary ground networks and/or recoverable 
data recorders as appropriate. The simplicity of the RAMS system is 
important because such a system can be put into the field early, and 
valuable wildlife resource data can be made available without excessive 
delay. However, for more sophisticated data collection, more advanced 
systems will be necessary. 

The Omega/OPLE system pormises long-term applicability for all animals 
listed — assuming that system development can be carried to the point 
where nan-arbiguous localization is possible and microminiaturization is 
accomplished. 


Micrandniatruization 

« 

Basic to practical considerations related to acquisition of position/ 
location information plus other pertinent data is the attachment of a 
platform to the animal being studied. 

The attachment of any foreign object to an animal must be done with 
care so as not to introduce a physiologically or behaviorally unacceptable 
variant. Tvs a matter of hard fact, such aberrations will act to degrade the 


110 



value of any data acquired. 


These difficulties, which vary from species to species, can be 
sharply reduced by micrcminiatruizaticn of gear to be attached to the 
animal. We can conclude with ample justification that the smaller the 
year, the greater the number of species to which it can be effectively 
applied. 

Accordingly, microminiaturization was based on bird requirements. 

Two typical sizes of birds were selected: fairly large sized waterfowl 

(dudes, geese, swans) and raptors (large predator birds) , r d small 
passerines. 

The transmitter povver, life, size and weight of the packages are 
critical factors. Typical weight allowances arc: 

Waterfowl and Raptors Passerines 

100 - 200 grains 10 grains 

When considering monitoring applications for systems such as those of 
Nimtous-F (RAMS) and TIROS -N, it is estimated that electronics units 
manufactured under normal assembly techniques could be produced in the 
, 200 gram class. Miniatruizatian could achieve, 80 grams in a 28 cc. volume 
in the immediate future without major effort. A subsequent step in 
microminiaturization can be expected to reduce this to 12 grains in about 
2 cc. Estimates of battery and antenna weights to be added to the above 
run from 40 to 1,000 grains depending upon communication requirements. 
(Total weight range is now 52 to 1,200 grams). 
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If a synchronous two-satellite ranging system were used, a standard 
assembly miniaturized receiver would add approximately 160 grams. (Total 
weight range is new 340 - 1,360 grams) . Miaxmrimaturizaticn must be 
applied to further reduce this weight. 

Power sources of greater efficiency could significantly reduce the 
weights estimated above. Lithium-fluoride cells are becoming available and 
promise a 2.5 to 1 improvement in efficiency over nickel-cadmium cells. 

Tests of these cells are planned under the Goddard Space Flight Center 
Carrier Balloon System for Global Atmosphere Program Research, where 
expendable dropsandes are being developed. Solar cells application and 
further improvement in battery efficiencies must be explored. (Total weight 
range is 32 - 6R0 gran’s) . 


Low power, stable master oscillators are most critical and will require 
temperature stabilization. The next item of priority is the radio frequency 
multiplier-transmitter chain. The existing state of the art in digital, low 
power circuitry is acceptable and needs no further research and development 
for use here. 

There would be a non-recurring cost for design and layout of the total 
package, but this work should be delayed until master oscillator and radio 
frequency modules are completed. 

New technology leading to reduced size of antennae has been developed 
over past years using "loading" techniques with various di -electrics. Such 
antennae require additional paver because of inefficiencies caused by 
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impedance mismatch. Further research and development into such antennae 
is not practical or beneficial. Platform designs will be based i?on use 
of standard h wave nonopoles which consist simply of short length wires 
(20 cm at UHF) and a "ground plane" of metal mesh or wires. 
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CHAPTER V 


PUBLIC FELATICNS 


The public relations aspect of the wildlife monitoring program focuses 
around two areas: the solicitation of input and critiquing by public and 

private organizations who are or might be involved with wildlife resources; 
and the issue of animal handling. 

Public and Private Support 

Solicitation of cooperation has already occurred. Every organization 
identifiable that would potentially be interested in the program was con- 
tacted and asked for suggestions and oorments and additions to the material 
sent them. 

Response to the program indicated that the projects are both necessary 
and relevant. 


Animal Handling 

Experience has shown that public relations in this program will be 
, delicate. Proposed projects involve the handling of nuny species, some 
rare and endangered, others for which people have strong emotional feelings. 
The death of a single animal involved in the program, regardless of statis- 
tical proof that a certain portion of a wild population is always in the 
prooess of dying, could result in serious criticism of NASA. 

The major conservation organizations should be solicited for positive 
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support and kept informed of all program activities. 


Some groups will be dogmatic in their rejection of the handling of 
animals for any reason; they should be identified early so that the USERS 
and NASA can be ready with acceptable explanations of the studies being 
undertaken. It should be clearly point out that for wildlife monitoring co 
be effective, all animals will be treated so that they live and be! 
naturally. A dead or injured animal would be of no use to the prog 
It is in the utmost interest of scientists that the greatest care be taken 
with the subject animals. 

Another innovative approach to public relations might be to set up a 
real- tine (or almost so) display of the world showing tie present location 
of selected animals being tracked. This display (more than one if the 
system turned out to be relatively inexpensive) could be located at highly 
visible locations such as the Smithsonian Institution, Bronx Zoo, American 
Museum of Natural History, etc. The possibility of using schools and 
colleges should also be explored. 

NASA should stress emphatically that the purposes for monitoring 
wildlife are’ positive, represent a direct response to national goals as 
established by law and will contribute to conservation of our living 
resources. 

An excellent set of principles of humane and "good science" animal 
handling is presented in Appendix G; 
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CHAPTER VI 


USER-NASA COOPERATION COLLABORATION AND COORDINATION 

The success of a national wildlife resources monitoring program will 
depend very largely on NASA's ability to enlist the interest and active 
support of USERs — federal, state and private. Ihe following steps 
need to be considered to achieve this cooperation. 

Ccrrmunications and Coordination 

Fran its very inception the wildlife resources monitoring program plan 
has been designed in response to expressed needs of USER agencies . A well 
balanced and carprehensive national program of wildlife resources monitoring 
must, however, respond both to the specific information needs of identified 
agencies and to the information needed to achieve certain national, goals 
which may extend beyond the current responsibilities of individual agencies. 

Planning for Active Collaboration among Federal Agencies 

Ibis program cannot evolve if based only on expressions of general 
interest. USER agencies must oonroit themselves to financial collaboration 
in support of the program, preferably at an early stage. At the very least 
USER agencies must shew their intent by inserting specific line items in 
their respective appropriations requests to Congress. 

Planning for Active C ollaboration with State Agencies 

In a major way a national wildlife resources monitoring program will 
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provide the information needed by state USER agencies. 


The question of financial collaboration must be left open for the 
present. Participation by state scientific and technical personnel in pro- 
gram planning and implementation should be addressed and encouraged. 

Planning for Active Collaboration with Non-governmental USERS 

The degree of success of seme past national science and technology 
programs can be directly correlated with the amount and quality of 
collaboration attained with non-governmental sectors, particularly during 
the early stages of program planning. The same correlation would appear 
likely for the national wildlife resources monitoring program, with one 
major addition. Federal and state agency USERs will probably iuake the 
principle in mediate contributions to improving wildlife resources manage- 
ment as a result of the monitoring program. In the long run, however, the 
major additions to man's knowledge about relationships among wilflife 
resources and global life support systems will come from the non- 
governmental sector's use of monitoring information on wildlife resources. 
Traditionally, private and academic institutions have been in a better 
position to attack long- term fundamental problems. Governmental contribu- 
tions are general? y designed to achieve more discreetly defined short-term 
goals related to agency missions. Therefore, the governmental sector most 
collaborate with non-governmental sectors during all phases of policy 
fomrilation and program planning. The need for participation by representa- 
tives of the private, academic, conservationist and industrial ccnuunities 
is obvious, and its importance warrants sr* v .3. 

l . ? r 'v!NAL WVGE IS 

f'OOR QUALITY 



NASA's Role 


the enviorrment has become a subject uppermost in the concern of the 
public and government. Both science and technology are advancing Tepidly, 
and NASA has thus far contributed substantially to this advance. Its 
entrance into the wildlife monitoring program would be wasteful if it were 
to be for a short term. A continuing program of science, research and 
technology to keep abreast of rapidly expanding requirements of monitoring 
is essential if NASA is to keep in the forefront of the field. NASA must 
begin as soon as possible to enter upon this urgent program on which so many 
organizations depend. The interim research and development program, in fact, 
must be continued in order to maintain the momentum gained in saving time and 
dollars in the long run. 
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Appendix B: List of Organizations and Participants Cooperating in the 

Wildlife Monitoring Program 


Bart I: Federal Agencies and States 

Bart II: Private Organizations 

Bart III: Participants in the Wildlife Monitoring Program 
Planning Meetings 
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Tartl; F ederal Agencies and States 

Among the Federal agencies represented in the preparation of this 
report were the: 

Atomic Energy Commission 
Council on Environmental Quality 

Department of Agriculture. (Forest Service, . Agricultural Research Service) 
Department of Commerce (Office of the Assistant Secretary of Science and 
Technology Environmental Affairs) , National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service) 

Department of Defense (Air Force, Army Corps of Engineers, Navy) 

Department of Health, Education and Welfare (Public Health Service) 
Department of State 
Department of the Interior 

Department of Transportation (Coast Guard, Federal Aviation Agency) 

Environmental Protection Agency 

National Aeronautics and Space Administration 

National Science Foundation 

Smithsonian Institution 


States responding were: 
Alabama 
Arizona 
Arkansas 
California 


Colorado 

Connecticut 

Delaware 

Florida 
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Georgia 

Bevada 



Hawaii 

Hew Hampshire 



Idaho 

Hew Jersey 



Illinois 

Hew York 



Indiana 

(forth Carolina 



I wa 

North Dakota 



Kansas 

Ohio 



Kentucky 

Oregon 



Louisiana 

Pennsylvania 



Maine 

Maryland 

South Carolina 
South Dakota 

***** 

IS 

QUAL.TY 

Massachusetts 

Tennessee 



Michigan 

Utah 



Minnesota 

Washington 



Mississippi 

West Virginia 



Missouri 

Wisconsin 



Montana 

Wyoming 



Nebraska 
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The entire membership (listed below) of the Natural Resources Council 
of America has received information about the program, and their consents 


have been actively solicited: 

American Coamittee for International Wild Life Protection, 

Washington, D.C. 

American Fisheries Society, Washington, D.C. 

American Forestry Association, Washington, D.C. 

American Institute of Biological Sciences, Inc., Washington, D.C. 

American Littoral Society, Sandy Hook, Highlands, New Jersey 

American Scenic and Historic Preservation Society, Pelham, New York 

American Society of Landscape Architects, McLean, Virginia 

American Water Resources Association, Arlington, Virginia 

Appalachian Mountain Club, Lincoln Center, Ikssacbusetts 

Association of Interpretive Naturalists, Dervood, Maryland 

Boone and Crockett Club, Chicago, Illinois 

Boy Scouts of America, New Brunswick, New Jersey 

Camp Fire Club of America, Chappaqua, New York 

Conservation Education Association, Jefferson City, Missouri 

The Conservation Foundation, Washington, D.C. 

J. N. "Ding" Darling Foundation, Des Moines, Iowa 

Ecological Society of America, University' of North Carolina, Chapel Hill, 
North Carolina 

Federation of Western Outdoor Clubs, Seattle, Washington 
Forest History Society, Inc., Santa Cruz, California 
Friends of the Earth, San Frcncisco, California 

International Association of Game, Fish and Conservation Commissioners, 
Washington, D.C. 

• Izaak Walton League of America, Arlington, Virginia 
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League of Women Voters of the United States, Green Bay , Wisconsin 

Rational Association of Conservation Districts, Washington, D.C. 

Rational Association of State Foresters, Department of Natural & 

Economic Resources, Raleigh, North Carolina 

Rational Audubon Society, New York, New York 

Rational Recreation and Park Association, Arlington, Virginia 

Rational Rifle Association of America, Washington, D.C. 

Rational Wildlife Federation, Washington, D.C. 

The Nature Conservancy, Arlington, Virginia 

North American Wildlife Foundation, Washington, D.C. 

Sierra Club, San Francisco, California 

Society of American Foresters, Washington, D.C. 

Society for Range Management, Denver, Colorado 

Soil Conservation Society of America, Ankeny, Iowa 

Sport Fishing Institute, Washington, D.C. 

Trout Unlimited, Denver, Colorado 

The Wilderness Society, Washington, D.C. 

The Wildlife Society, Washington, D.C. 

Wildlife Management Institute, Washington, D.C. 

World Wildlife Fund, Washington, D.C. 

Specific responses, all favorable, have been received from: 

American Forestry Association 
Association of Interpretive Naturalists 

International Union for the Conservation of Nature and Natural Resources 
Montana Cooperative Wildlife Research Unit 
National Association of State Foresters 
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National Audubon Society 
National Rifle Association 
National Wildlife Federation 
Society for Range Management 
The Wildlife Society 
Wildlife Management Institute 
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Part III : Participants in the Wildlife Monitoring Program Planning Meetings 


PREPLANNING SESSION 
for 

SUMMER CONFERENCE ON WILDLIFE MONITORING 
NASA Headquarters - December 12, 1972 


Participants : 

Sidney R. Galler, 
Helmut K. Buechner, 
John Bushman, 

Bill Caldwell, 

John Fiebelkorn, 
George J. Jacobs, 

R. F. Melshelmer, 
Robert H. Miller, 

John Ted Mock, 

Jack Posner, 

Georald W. Sharp, 
Dixie R. Smith, 

Mike Toohey, 

Billy J. Van Tries, 

F. G. Wood, 


Department of Commerce (Chairman) 

National Zoological Park 

Corps of Engineers, Department of Defense 

Office of Science and Technology 

NASA 

HQ/Earth Resources , NASA 

Coast Guard, Department of Transportation 

Agricultural Research Service, 

Department of Agriculture 

Science Advisor to the Governor of Georgia 

HQ/USER Affairs, NASA 

National Aeronautics and Space Council 

Forest Service; Department of Agriculture 

Corps of Engineers, Department of Defense 

Bureau of Sport Fisheries and Wildlife, 
Department of the Interior 

Naval Undersea Center, Department of Defense 
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WILDLIFE CONFERENCE - USERS GROUP MEETING 


NASA Headquarters - February 14, 1973 


Participants : 

Gerald Bertrand, 
Helmut K. Buechner, 
John Bushman, 

John H. Busser, 
Bill Caldwell, 
William E. Evans, 

John T. Everett, 

Robert M. Goodman, 
George J. Jacobs, 
Duncan MacDonald, 

Robert H. Miller, 

John Ted Mock, 
David Penlck, 

Jack Posner, 

Dixio R. Smith, 
John W, Tremor, 


Council on Environmental Quality 

National Zoological Park 

Corps of Engineers, Department of Defense 

American Institute of Biological Sciences 

Office of Science and Technology 

National Marine Fisheries Service, 
Department of Commerce; LaJolla, California 

National Marine Fisheries Service, 
Department of Commerce; Washington, D.C. 

Franklin Institute Research Laboratories 

HQ/Earth Resources , NASA 

Bureau of Sport Fisheries and Wildlife, 
Department of the Interior 

Agricultural Research Service, 

Department of Agriculture 

Science Advisor to the Governor of Georgia 

e 

Office of the Chief of Engineers, 

Department of Defense 

HQ/User Affairs, NASA 

Forest Service, Department of Agriculture 
NASA — Ames Reserach Center 
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NASA/AIBS SANTA CLARA CONFERENCE ON WILDLIFE MONITORING IN RESPONSE 

TO NATIONAL NEEDS 


Araes 

Participants: 

Robert M. Goodman, 

Howard A. Baldwin, 

Gerald Bertrand, 

Helmut K. Suechner 
John H. Busser, 

Archie F. Carr, 
Bruce Collette, 
Charles Cote, 

Frank C. Craighead 

John Craighead, 
Albert Erickson, 
William E. Evans, 

John T. Everett, 

Harvey Fisher, 


Ad Hoc Panel 


Research Center - April 24-27, 1973 


Franklin Institute Research Laboratories 
Philadelphia, Pennsylvania, (Chairman) 

Los Alamos Scientific Laboratory, 

Los Alamos, New Mexico 

Council on Environmental Quality; 
Washington, D.C. 

National Zoological Park; Washington, D.C. 

American Institute of Biological Sciences; 
Washington, D.C. 

University of Florida} Gainesville, Florida 

Smithsonian Institution; Washington, D.C. 

NASA-Goddard Space Flight Center; 

Greenbelt, Maryland 

Jr., Environmental Research Institute', 

Moose, Wyoming 

University of Montana; Missoula, Montana 

University of Idaho; Moscow, Idado 

National Marine Fisheries Service; 

La Jolla, Cali f ornia 

National Marine Fisheries Service; 
Washington, D.C. 

Southern Illinois University; 

Carbondale, Illinois 
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Thomas B. Fryer, 

George J. Jacobs, 

Dale K. Kratzer, 

Jack W. Lentfer, 

Nathan Liskov, 

Maurice W. Long, 

R. Stuart Mackay, 
Joseph Margolin, 

Hugh Martin, 

Kenneth S. Norris, 

G. Carleton Ray, 
Samuel Ridgeway, 

Paul Sebesta, 

Richard Simmonds, 
William Sladen, 
William H. Stevenson, 

Billy J. Van Tries, 

Joel Varney, 

George E. Watson, 
Janet Williams, 

T. C. Williams, 


NASA-Ames Research Center', 

Moffett Field, California 

HQ/Earth Resources, NASA; Washington, D.C. 

Applied Information Industries', 

Moorestown, New Jersey 

Bureau of Sport Fisheries and Wildlife 
Department of the Interior, Anchorage Alaska 

Raytheon Company; Raylond, Massachusetts 

George Institute of Technology*, Atlanta, Georgia 

Boston University; Boston, Massachusetts 

Applied Information Industries', 

Moorestown, New Jersey 

Ocean Applied Research Corporation’, 

San Diego, California 

University of California; Santa Cruz, California 

Johns Hopkins University; Baltimore, Maryland 

Naval Undersea Center; San Diego, California 

NASA - Ames Research Center; 

Moffett Field, California 

Johnson Space Center,’ Houston, Texas 

Johns Hopkins University; Baltimore, Maryland 

Naf'onsl Marine Fisheries Service; 

Bay St. Louis, Mississippi 

Bureau of Sport Fisheries and Wildlife; 
Department of the Interior, Washington, D.C* 

University of Montana; Missoula, Montana 

Smithsonian Institution; Washington, D.C. 

State University of New York; Buffalo, New York 

State University cf New York; Buffalo, New York 
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WRITING CONFERENCE ON WILDLIFE MONITORING 


Santa Cruz - September 5-9, 1973 


Participants: 

John Billingham, 

John H. Busser, 

Charles Cote, 

Jerry M. Deerwester, 

Eugene Ehrlich, 

Sidney R. Galler, 

Robert M. Goodman, 

Helen L. Hayes, 

George J . . acobs , 
Angeco Paul Margozzi, 


NASA - Ames Research Center; 

Moffett Field, California 

American Institute of Biological Sciences ? 
Washington, D.C. 

NASA-Goddard Space Flight Center; 

Greenbelt, Maryland 

NASA - Ames Research Center', 

Moffett Field, California 

NASA*, Washington, D.C. 

Deputy Assistant Secretary for Environmental 
Affairs, D. partment of Commerce; 

Washington, D.C. 

Franklin Institute Research Laboratories? 
Philadelphia, Pennsylvania 

Fact Research Inc.; Washington, D.C. 

NASA', Washington, D.C. 

NASA - Ames Research Center,' 

Moffett Field, California 


Hugh Martin, 


Ocean Applied Research Corporation; 
San Diego, California 


Jerry Mensch, 


California Department of Fish and Game; 
Sacramento, California 


Kenneth S. Norris, University of California; Santa Cruz, California 

Archibald B. Park, Earth Satellite Corporation; Washington, D.C. 

Orr E. Reynolds, American Physiological Societ v 

Bethesda, Maryland 
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Paul Sebesta, 

Lee M. Talbot, 

John W. Tremor, 
Charles Vaughn, 
Raymund L. Zwemer, 


NASA - Ames Research Center; 

Moffett Field, California 

Council on Environmental Quality; 
Washington, D.C. 

NASA - Ames Research Center; 

Moffett Field, California 

NASA - Wallops Station; 

Wallops Island, Virginia 

Federation of American Societies for 
Experimental Biology; Bethesda, Maryland 


130 



Appendix C: International Agreements and Treaties and Federal 

Laws Relating to Wildlife Management. Conservation and Utilization 


Part I: Selected International Agreements and Treaties _ 

Part II: Selected Federal Lavs 
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Organization 
or Treaty 

Signatories/ 
Member States 

Year 

1. The Antarctic 

13 

1959 

Treaty 



2. Convention on 

18 

1940 


Nature Protection 
and Wildlife Pres- 
ervation in the Western 
Hemisphere 

3. Interim Convention 4 1957 

on the Conservation 
of North Pacific Fur 
Seals 


4. International Conven- UN/FAO 1969 

t ion for the Conserve * 
tion of Atlantic Tunas 


5. International Conven- 12 1950 

tion for the Northwest 
Atlantic Fisheries 


6. Convention for the 2 1950 

Establishment of an 
Inter -America*. Tropical 
Tuna Coranission 


7. International Conven- 3 1953 

tion for the High Seas 

Fisheries of the North 
Pacific Ocean 

8. Indo-Pacific Fisheries 8+ 1958 

Council Amended Agree- UN/FAO 

ments for Its r^rablish- 
ment 


Act Ions /Excerpts 

"••.preservation and conservation of 
living resources in Antarctica. .. ." 

"...to protect and preserve. . .ail 
species..., including migratory birds, 
...to assure them from becoming extinct.. 


"...to make possible the maxicaim 
sustainable productivity of the fur 
seals. . .shall include studies of... 
size of fur seal herd and its age and 
sex compos! t ion .. .migration routes of 
fur seals..." 

"...Conservation of the resources of 
tuna tmei tuua-like fishes ... study of 
the population. . .include research on 
the abundance, biometry, and ecology..." 

"...investigation, protection and 
conservation of the fisheries... investi- 
gation into the abundance, life history 
and ecology of any species rf aquatic 
fish..." 

"...maintaining the populations of 
yellowfin and skipjack tuna.... 

Make investigations concerning the 
abundance, biology, biometry and 
ecology ^f yellowfin. . .and skipjack... 
tuna..." 

"...to ensure the maximum sustained 
productivity of the fishery resources... 
to carry out necessary conservation 
measures..." 

"...To formulate. , .biological and other... 
aspc .s of... proper utilization of 
living aquatic resources. . .To encourage... 
research and applications of improved 
methods. . 
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Organization 
or Treaty 


Signatories/ 
Member States 


Year 


Actions/Excerpts 


9 % Regional Caribbean 21 1966 

Fishery Develop- 
ment Project: Plan 
of Operation of 

United Nations . 

Special Fund Pro- ORIGINAL PAGE IS 

Ject on Caribbean OF POOR QUALITY 
Fishing Deve 1 opment v 1 1 

10. Final Act of the 
United Nations 
Conference on the 
Law of the Sea: 

Convention 

c. Fishing and 16 1966 

Conservation of the 
Living Resources of 
the High Seas 

11. Convention for the 2 1947 


Protection, Preser- 
vation and Extension 
of the Sockeye Salmon 
Fishery of the Frastr 
River System 



Amended 


1957 

12. Agreement to Facilitate 
the Ascent of Salmon in 
Hell's Gate Canyon and 
Elsewhere in the Fraser 
River System 

2 

1944 

13. Convention for the 
Preservation of the 
Halibut Fishing of the 
Northern Pacific Ocean 
and Bering Sea 

2 

1953 

14, Convention on Great 
Lakes Fisheries 

2 

1954 

15. Convention for the 
Protection of Migra- 
tory Birds 

2 

1916 

16. Convention for the 
Protection of Migra- 
tory Birds and Game 
Mammals 

2 

1937 


"...Exploratory fishing, market study 
and demonstration. . . . Such biological . . 
observations. . .as are considered 
practicable and desirable. . 


"...to examine the law of the sea... 
technical, biological . . .aspects. .. M 


"...conservation of the living resources 
of the high seas . . . .Conservation 
programmes should be formulated...” 

". . .protection, preservation and 
extension of the sockeye salmon fishery... 
Investigation into the natural history 
of the. . .sockeye salmon...” 


,f . . .coordinated investigation of pink 
salmon. . .” 

"...investigation into the natural 
history of... sockeye salmon...” 


"...preservation of the halibut fishery... 
to determine the condition and trend of 
the halibut fishery..." 


”, . .conduct investigations. . . £for 
maximum sustained productivity] " 

"...an effective means of preserving 
migratory birds..." 

"...to employ adequate measures which 
will permit a rational utilization of 
migratory birds for... sport as well as 
food, commerce and industry..." 
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Organization 
Treat 


Signatories/ 


17 , Agreement Regarding 2 1969 "...the need for widening and coordin- 

Fisheries in the ating scientific research in the field 

Western Region of the of fisheries..." 

Middle Atlantic Ocean, 
with Exchange of 
Letters 


18. Agreement on Certain 2 1969 "...to conduct the fisheries .. .with due 

Fishery Problems on consideration of the state of the fish 

the High Seas in the stocks based on the results of 

Western Area of the scientific investigation. . .to expand 

Middle Atlantic Ocean research pertaining to the species of 

fish of interest..." 


Agreements not vet ratified bv U.S.A. 


19. Convention for the 17 "...to promote and encourage research 

International Council and investigations for the study of the 

for the Exploration of sea particularly. . .living resources..." 

the Sea (CR, March 1, 

1967, pp. 32860-1) 
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Tiart II; Selected Federal Lavs 


Title or 

Lav Popular Name 


Act ions /Excerpts 


1. 16 U.S.C. Endangered Species of 

668aa to Fish and Wildlife 

668cc-6 




2. 16 U.S.C. 
655-C56 


Management of. Seals 
in Alaska 


3. 16 U.S.C. 
742(a)-754 


Fish and Wildlife 
Service 


4. 16 U.S.C. 
661-667e 


Fish and Wildlife 
Coordination 


5. 16 U.S.C. 
460k-460k-4 


Recreational Use of 
Wildlife Areas Ad- 
ministered by the 
Secretary of the 
Interior 


6 . 


18 U.S.C. 
41-44, 47, 
1165, 3054, 
3112 


General Criminal 
Provisions Relating 
to Fish and Wild- 
life 


7. 19 U.S.C. 
1527 


Importation of Wild 
Manmals and Birds 


(668aa) "...United States has pledged... to 
conserve and protect .. .native fish and wild* 
life..." 

(668bb) "...carry out a program... of conserving, 
protecting. . .selected species of native fish 
and wildlife. . .threatened with extinction...." 

(668cc) "...States consultation before 

acquisition of land for .. .conserving, 
protecting. . 

(668cc-3) "A species shall be deemed to be 

threatened with. . .extinction based on the best 
scientific and commercial data available ” 

(668cc-5) "Encouragement of programs of foreign 
countries; .. .conservation practices .. .in inter- 
national trade." 

(655) "The Secretary of the Treasury is 
authorized to appoint one agent and . . .who 
shall be charged with the management of the 
seal fisheries..." 

(742d-l) .undertake. . .studies on the 

effects of insecticides, .. .pesticides upon 
the fish and wildlife resources..." 

(661 and 665) "...development, protection... 
of wildlife. . .make surveys and investigations 
of the wildlife, . .determination of standards 
of water quality for the maintenance of wild- 
life..." 

(460k-l) .acquire. . .land. . .for — 

(1) fish and wildlife-oriented recreational 
development, or 

(2) the protection of natural resources...” 

(41) "...willfully disturbs or kills any... 
wild animal ... shall be fined... or imprisoned 
^except in compliance with rulesQ..." 


"If the laws... of any county. . .restrict the 
taking .. .possession, or exportation. . .of any 
wild iTvimmal or bird... shall be subject to 
seizure. . ." 
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8. 16 U.S.C. Studies of Wildlife "For such experiments. * .as may be necessary in 

581d in National Forests determining the life histories and habits of., # 

wildlife. . .and in developing. . .methods for 
their management ..." 

9. 7 U.S.C. Wildlife Control (426) "...to conduct such investigations, .. .to 

426-426b Program determine. . .best methods of .. .bringing under 

control. . .mountain lions, wolves, coyotes... 
and other animals injurious to agr culture. . . 
wild game... and birds... and for the protection 
of 6tock..." 

10. 16 U.S.C. Protection of Bald (668) •’Whoever, .. .shall. . .take, possess, sell... 

668-668d and Golden Cagles any bald eagles. . .shall be fined... '...the bald 

eagle. is now threatened with extinction: 1 .. ." 

11. 16 U.S.C. Protection of Wild (1331) "...wild free-roamirg horses and burros 

1331-1340 Horses and Burro*? shall be protected..." 

12. 16 U.S.C. Marine Mammal Pro- (1361) "...species and population stocks should 

1361, 1362, tection not be permitted to diminish beyond .. .functioning 

1371-1384, element in the ecosystem efforts to protect 

1401-1407 the rookeries, .. .encourage the development of 

international. . .research on, and conservation 
of, all marine mammals;..." 

(1362) "...collection and application of 
biological information for the purpose of 
increasing and raintaining the number of animals 
within species and populations of marine mammals 
at the optimum carrying capacity of their 
habitat .. .include the entire scope of activities 
that constitute a modern scientific resource 
program, .. .research, census, law enforcement, 
and habitat acquisition and improvement... 
periodic or total protection of species or 
population as well as regulated taking...." 

(1371) "...moratorium on the taking... of marine 
mammals .. .except ... for purposes of scientific 
research. . ." 

(1373) "The Secretary, on the basis of the best 
scientific evidence available .. .shall prescribe.*, 
regulations. . 

(1375) "Penalties...." 

(1378) "...development of .. .agreements with other 
nations for the protection and conservation of 
all marine mammals..." 
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Lav 


Title or 
Popular Name 


Actions/Excerpts 


13. 16 U.S.C. Administration of 

668dd- national Wildlife 

668JJ Refuge System 


14. 16 U.S.C. 
669-6691 


Wildlife Restora- 
tion Projects 


15. 16 U.S.C. 
6/0a-670f ; 
10 U.S.C. 
2668,2671 


Fish and Wildlife 
Conservation on 
Military Reserva- 
tions 




(1381) .to. . .undertake a program of research 

and development for improved fishing methods.. 

to reduce. . .incidental taking of marine 

mammals. . .” 

(1402) ”... conduct a continuing review of the 
condition of the stocks of marine mammals, of 
methods for their protection and conservation,., 
of research programs conducted .. .undertake .. . 
such. . .studies as .. .necessary .. .to the protec- 
tion and conservation of marine mammals; . . .*• 

(668dd) ”For the purpose of consolidating the 
authorities ... Secretary of the Interior for the 
conservation of fish and wildlife. . .permit the 
use of any area... to hunting, fishing, public 
recreation. . .” 

(668ff) "...San Francisco Bay... for the pro- 
tection of .. .wildlife, .. .and to provide an 
opportunity for wildlife-oriented recreation 
and nature study " 

(669a) ” such research into problems of wild- 

life management as may be necessary to efficient 
administration affecting wildlife resources,...” 

(669g) '*Maintenance of wildlife-restoration 
projects .. .shall be the duty of the States in 
accordance with their respective laws...." 

(16 U.S.C. 670a) ”The Secretary of Defense... 
to carry out a program of planning, development, 
maintenance and coordination of wildlife, fish 
and game conservation. . .conservation and manage- 
ment of fish and wildlife, including habitat 
improvement ... Con military reservations}” 

(16 U.S.C. 670b) ”... program for the conser- 
vation, .. .management of migratory game birds...” 

(16 U.S.C. 670c) ”...a program for development,, 
of public outdoor recreation...” 

(10 U.S.C. 2668) .Secretary. . .may grant,... 
easements for rights-of-way .. .for -...dams... 
in connection with fish and wildlife programs,.. 

(10 U.S.C. 2671) ”The Secretary of Defense 
shall, .. .develop, ... in cooperation with the... 
State., .to effect measures for the r-anagement , 
conservation, and harvesting of fish and game 
resources. . . 
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16. 16 U.S.C. Game and Wildlife (671) .reserved .lands. . .for a permanent 

671-697a Preserves National Bison Range... for the proper care 

and maintenance of ...bison." 

(673 and 673c) "...a winter game (elk) 
reserve. . .for the maintenance of the reserve... 
Wyoming Game and Fish Commission and the 
National Park Service . . .joint recommendations 
for the management .. .of the elk..." 

(674) "...Sullys Hill National Game Preserves... 
for the proper care... of the animals and birds 
therein, . . .structures necessary for the 
convenience of visitors..." 

(675) "...Norbeck Wildlife Preserve. . .for the 
protection of game animals and birds,..." 

(680) "Game animal and bird refuge in South 
Dakota .. .for ,. .protecting .. .antelope and other 
game animals and birds:..." 

(682) "...Ozark National Forest... for the 

protection of game animals, birds, or fish; " 

(683) "The President of the United States is 
authorized to designate. . .areas .. .purchased by 
the United States... for the protection of game 
animals, birds, or fish;..." 

(684) "...Wichita National Forest and in the 
Grand Canyon National Forest .. .protection of 
game animals and birds..." 

(688) "Sequoia National Game Preserve...." 

(689) "Tahquitz National Game Preserve...." 

(690) "Bear River Migratory Bird Refuge;..." 

(691) "Cheyenne Bottoms Migratory Bird Refuge,..." 

(6923 Ocala National Forest .. .protection of 
game animals and birds,..." 

(693) "Game sanctuaries .. .in Ouachita National 
For st...." 

(693b) "Robert S. Kerr Memorial Arboretum. . .to. . . 
make available to this and future generations the 
opportunity to advance ... intellectually , and 
spiritually by learning about nature..." 

138 



Title or 
Popular Name 


Actlons/ExcerPts 


Law 




17. 16 U.S.C. 
701-718h 


Protection of 
Migratory Game 
and Insectivorous 
Birds 


18. 16 U.S.C. 
721-731 


Upper Mississippi 
River Wild Life 
and Fish Refuge 


19. U.S.C. 
1221-1226 


Estuarine Areas 


20. 7 U.S.C. 
426 


Predatory Mammal 
Control Program 


(694) "Fish and game sanctuaries in 

national forests; establishment by President . . . 

(695 and 695b) "Migratory waterfowl and other 
Wildlife refuge in California; .. .primarily as 
wildlife management areas... " 

(695k) "...to preserve. . .existing habitat for 
migratory waterfowl. . .and to prevent depreda- 
tions of .. .waterfowl on agricultural crops...” 

(695JE) "Jlandf) dedicated to wildlife conserva- 
tion. ..but with full consideration to optimum 
agricultural use. . .waterfowl management,..." 

(696) "National Key Deer Refuge; .. .conserva- 
tion and management of... key deer and other 
wildlife:. 

(701 and 715i) "The duties... of the Department 
of the Interior include the preservation, 
distribution, .. .of game birds and other wild 
birds ... ./legal aspects and fines for molesting 
birds)... to manage timber, range, and 
agricultural crops; to manage other species 
of animals, including but not limited to fenced 
range animals, with the objectives of perpetuating, 
distributing, and utilizing the resources;..." 

(722) .acquire, .. .land, .. .between Rock Island, 
Illinois, and Wabasha, Minnesota, .. .for the 
purposes of... part of the. . .Refuge. . 

(723) "...refuge and breeding place... 
{conservation) " 

(1221) .estuaries .. .rich in. . .natural , 
commercial, .. .resources, .. .are of... value to... 
Americans. . .need to protect, conserve, and 
restore. , .estuaries in a manner that .. .mainta ins 
a balance... in the interest of conserving the 
natural resources..." 

"♦..conduct such investigations, experiments, 
and tests as. , .necessary. . .to. . .bringing under 
control. . .mountain lions, wolves, coyotes, 
bobcats, prairie dogs,... for the protection of 
stock through the suppression of rabies and 
tularemia in predatory or other wild animals..." 
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Law 

Title or 
Ponular Name 

Actions/Excerpts 

21. 7 U.S.C. 
1010, 1010a 

Land Conservation and 
Utilization by the 
Secretary of Agricul- 
ture to Protect Fish 
and Wildlife 

(1010) "...to develop a program of land 
conservation and. . .utilization, . . .in. . . 
preserving natural resources, protecting 
fish and wildlife,..." 

22. 7 U.S.C. 
442-446 

Waterfowl Depreda- 
tions Prevention 

(442 and 443) ". . .preventing crop damage by 
migratory waterfrwl, . . .grain acquired . . . [toj 
lure migratory waterfowl away from crop 
depredations. . 

23. 7 U.S.C. 
447-449 

Surplus Crain for 
Wildlife 

(447) "...emergency situations caused by... 
weather . . .destruction of .. .wildlife resources,.. 
States are authorized, ... £to acquire grain forj 
game birds and other resident wildlife from 
starvation, ..." 

24. P.L. 81-718 
(64 Stat. 
465) 

Back Bay National 
Wildlife Refuge 

.granting. . .road .. .through the wildlife 
refuge. . . ftolls] sums ... credited to the 
migratory bird conservation fund..." 

25. 16 U.S.C. 
459f-5(a), 
(b) and 
459f-8 

Chincoteague 
rational Wildlife 
Refuge 

(459f-5) "...purposes of public outdoor 
recreation, including conservation of natural 
features .. .regulations applicable to national 
wildlife refuges,..." 

26. 25 U.S.C. 
564d 
564v-l 

Klamath Forest 
National Wildlife 
Refuge 

(564w-l) .designated as the Klamath Forest 

National Wildlife Refuge,..." 

27. P.L. 84-810 ' 
(70 Scat. 
668) 

Okefenokee National 
Wildlife Refuge 

"l o provide for the protection. . .Refuge, .. . 
against damage from fire and drought...." 

28. 14 U.S.C. 
2, 94 

Coast Guard Research 

"...shall engage in oceanographic research..." 

29. 46 U.S.C. 
441-445 

Oceanographic 
Research Vessels 

"... studies pertaining to the sea... and 
biological research;..." 

30. 33 U.S.C. 
1101-1108 

Marine Resources 
and Engineering 
Development Act of 
1966 

(1104) .Review, . .needs for natural resources 

from the marine environment to maintain our 
expanding national economy...," 

31. 33 U.S.C. 
1121-1124 

National Sea Grant 
Colleges 

(1121 and 1123) "...marine resources, including 
animal and vegetable life .. .provide ,. ,a program 


of .. .education, training, and research in the 
fields of marine science, .and related 
disciplines. .. 'development of marine resources' 
means. . .including, . . .biological resources. . 
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Law 

Title or 
PoDular Name 

Actions/Excerpts 

32. P.L.89-302, 

79 Stat. 1124 

Marine Biological 
and Oceanographic 
Research Labora- 
tory at La Jolla, 
California 

,M .. .research on the living resources of the 
sea or their environment, ... ' M 

33. 16 U.S.C. 
1220-1220c 

Re< f 8 for Marine 
Life Conservation 

,f ... Liberty ships for use as off-shore reefs, 
(a) Conservation of marine life....' 1 

34. 16 U.S.C. 
755-7061 

Preservation of 
Fishery Resources 

(756 and 758) .conduct .. .investigation, .. . 

and biological surveys .. .to .. .facilitate 
conservation of the fishery resources of the 
Columbia River... to perform all other activities 
necessary for the conservation of fish... to 
provide for .. .investigation, .. .of the fishing 
resources ..." 

35. 16 U.S.C. 
777-777k 

Fish Restoration 
and Management 
Projects 

(777a) "...such research into programs of fish 
management .. .the acquisition of such facts as 
are necessary to... direct the regulation of 
fishing. . .including the extent of the fish 
population, ..." 

36. 16 U.S.C. 
778-778h 

Fish Research and 

Experimentation 

Projects 

(778,778d) "...to develop suitable methods for 
harvesting the fish crop... to promote studies, 
research, and experiments, . .to develop... 
methods to reduce fish... in abundant supply., , 
not now... sought after..." 

”'7. 16 U.S.C. 
779-779f 

State Commercial 
Fisheries Research 
and Development 
Projects 

(779a) "...to cooperate with the States ... in. . . 
research and development of the commercial 
fisheries resources of the Nation..." 

38. 16 U.S.C. 
667a 

Interstate Compacts 

"...for the uniform, .. .regulation of fishing..." 

39. P.L. 77-539 

Atlantic States 
Marine Fisheries 
Compact Act of 
May 4, 1942 

"...to promote the better utilization of the 
fisheries, . . .ascertain. . .methods, . . . for . . . 
conservation. . .of the fisheries,..." 

40. P.L. 81-721 

Act of August 19, 
1950, Ch. 763, 

64 Stat. 467 

"...Atlantic States .. .Fisheries Compact, 
Jaracndation] . . .for .. .better utilization of its 
anadromous fisheries,..." 

41. P.L. 81-66 
Act of May 
19, 1949, 
Ch. 128, 63 
Stat. 70 

Gulf States Marine 
Fisheries Compact 

"...to the better utilizatioi of the fisheries., 
conservation and the prevention of the deple- 
tion. . 
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Law 

Title or 
PoDular Name 

Actions/Excerpts 

42. P.L. 80-232, 
Act of July 
21, 1947, Ch. 
316, 61 Scat. 
419 

Pacific Marine 
Fisheries Compact 

"...to promote the better utilization of 
fisheries, ..." 

43. P.L. 87-766, 
768 Stat. 
763 

Act of October 9, 
1962 

"^Pacific Marine Fisheries Compact - Amendation) 
...programs for the conservation, protection. . , 
of fisheries... 1 ' 

44. P.L. 87-783, 
Act of Oct. 
10, 1962, 76 
Stat. 797 

Potormc River 
Compact of 1958 

M ...a program of research relating to the 
conservation. . .of the fishery resources . . ." 

45. 16 U.S.C. 
1081-1086 

Prohibition of 
Foreign Fishing 
Vessels in the 
Territorial Waters 
of the United States 

(1083) "^Seizure of fish and foreign vessels 
fishing in U.S. watersj ... Secretary of the 
Interior* .. .Treasury. .. .Coast Guard... to carry 
out . . . enforcement . . . # " 

46. 16 U.S.C. 
791a, 803, 
811 

Federal License of 
Water Resource 
Projects; Fishways 

(803) "...developing a waterway .. .for .. . 
recrea t iona 1 purpose; ; . . . M 

47. 16 U.S.C. 
1001-1009 

Fish and Wildlife 
Conservation at Small 
Watershed Projects 

(1008) "... surveys and investigations .. .con- 
cerning the conservation and development of 
wildlife resources..." 

48. 16 U.S.C. 
460 

Federal Water 
Project Recreation 
Act 

(460X-12) "Recreation and fish and wildlife 
benefits of. ..water resource project, full consid 
eration shall be given to the opportunities... 
which. . .affords for outdoor recreation and for 
fish and wildlife enhancement..." 

49. 7 U.S.C. 
1010-1013 

Federal Assistance, 
Resource Conserva- 
tion and Develop- 
ment Projects 

(1010) "...a program of land conservation and... 
utilization, . . .to. . assist in. . .preserving 
natural' resources, protecting fish and wild- 
life,..." 

50. 16 U.S.C. 
460 

t 

Conservation Facil- 
ities at Water 
Resource Projects of 
the Corps of 
Engineers 

(460d) .lands. . .utilized 0 by lease] for the 

development and conservation of fish and wild- 
life. . .lessee may... cut timber... as may be 
necessary to further such beneficial uses... and. 
proceeds of any sales of timber .. .0to utilize^ 
in the. . .conservation, .. .of such lands...." 

51. 33 U.S.C. 
540 

Wildlife Conserva- 
tion at Water 
Resource Projects of 
the Secretary of the 
Army 

"...improvements of .. .waterways shall .include 
a due regard for wildlife conservation...." 
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Law 

Popular Name 

Actions/Excer *ts 

52. 33 U.S.C. 
608 

Fishways at Rivers 
and Harbor Projects 

"Whenever river .. .improvements shall be found 
to operate... as obstructions to the passage of 
fish, .. .cause to be constructed. . .sufficient 
fishways, ..." 

53. 16 U.S.C. 
1301-1311 

Water Bank Act 

(1301) "...to conserve surface waters, to 
preserve and improve habitat for migratory 
waterfowl and other wildlife resources, .. ." 

54. 33 U.S.C. 
610 

Control of Obnoxious 
Plants in Navigable 
Waters 

"...for control (of obnoxious plantsj...in the... 
interest of... fish and wildlife conservation, . . ." 

55. P.L. 85-245 
(71 Stat. 
563) 

Statutes Relating to 
Specific Reservoirs 
under Jurisdiction 
of the Secretary of 
the Army: a. Reser- 
voirs in Mississippi 

"No reconveyance shall be made of mineral 
interests , . .if it. ..would adversely affect 
facilities. . .for the protection and management 
of migratory birds and fishing resources ." 

56. P.L. 84 -459 
(70 Stat. 
67-68) 

Demopolis Lock and 
Dam Project 

. .excepting lands to be designated . . .for .. . 
protection and management of migratory birds 
and fishing resources..." 

57. P.L. 84-998 
(70 Stat. 
1064) 

Jim Woodruff 
Reservoir, Florida 
and Georgia 

.lands .. .adjacent to the .. .Reservoir, .. * 
shall be retained .. .for fish and wildlife and 
recreational purposes...." 

58. 43 U.S.C. 
616 

Baker Reclamation 
Project, Oregon 

(616v) ".. .conservation. . .of fish and wildlife..." 

59. 16 U.S.C. 
695 

Central Valley 
Project, California 

(695d) "Development of water supplies for water- 
fowl management . . 

60. 43 U.S.C. 
620 

Colorado River 
Storage Project Act 

(62 Og) .investigate. . .and maintain. . .public 
recreational facilities. . .and the wildlife on 
paid lands,..." 

61. 16 U.S.C. 
835 

Columbia Basin 
Project 

(835i) . .fisn-protection program..." 

62. 43 U.S.C. 
615 

Crooked River 
Project, Oregon 

(6151) "Preservation and propagation of fish 
and wildlife; . . 

63. 43 U.S.C. 
616 

Fryingpan-Arkansas 
Project, Colorado 

(616c) "Public recreational facilities; 
conservation; .and development of fish and 
wildlife;..." 

64. 43 U.S.C. 
615 

Little Wood River 
r~oject, Idaho 

(615ra) "Preservation and propagation of fish 
and wildlife: .. .hunting and fishing;..." 
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Actions/Excerpts 


65. 43 U.S.C. 

61 4 

Washoe Project, 
Nevada -Cali f or ni a 

, .development of fish and wildlife 
resources, , f ." 

66 . 43 U.S.C. 
616 

Auburn-Folsom South 
Unit, Central Valley 
Project, California 

(616ccc) 11 .. .maintenance of public outdoor 
recreation and fish ano wildlife enhancement 
facilities, . . .preservation of recreation and 
fish and wildlife , . .potential , , 11 

67. 43 U.S.C. 
616 

Southern Nevada 
Project, Nevada 

( 6 ! 6 hhh) ‘‘Allocation to. ..fish, wildlife, and 
recreation. . .” 

68 . P T .87-762 
(/ Stac. 
761) 

Orovil lc -Tonasket 
Unit, Chief Joseph 
Dam, Washington 

“...for conservation and development of fish 
and wildlife resources,...” 

69. 43 U.S.C. 
616 

Tualatin Project, 
Oregon 

(616ppp) “Conservation and de elopment of fish 
and wildlife resources and enhancement of 
recreation. ...” 

70. 43 U.S.C. 
616 

Auburn Folsom Unit, 
Central Valley 
Project, California 

(61 6£ff-l) . .conserving and developing fish 

and wildlife resources,..." 

71. 43 U.S.C. 
616 

Missouri River Basin 
Project, South 
Dakota 

(olouuu) “Cc servacion and development of fish 
and wildlife resources...” 

72. 43 U.S.C. 
616 

Mountain Park Pro- 
ject, Oklahoma 

(616aaaa) .conserving and developing fish 

.nd wildlife resources,...” 

73. 43 U.S.C. 
1501, 1527, 
1528 

Colorado River 
Basin Project 

(1527) “Fish and wildlife conservation and 
development. ...” 

74. 43 U.S.C. 
616 

Palmetto Bend Pro- 
ject, Texas 

( 6 i 6 jjjj; “Conservation; development of fish 
r*nd wildlife resources; recreation. 

75. 43 U.S.C. 
616 

[P.L.91- 
270, 84 
Scat. 27 3 

Merlin Division, 
Rogue River Basin 
Project, Oregon 

( 6 I 60000 ) “Conservation of fish and wildlife 
and enhancement of recreation....” 

76. 43 U.S.C. 
616 

91-307, 84 
Stat. 409] 

Touchct Division, 
Walla Walla Pro- 
ject, Orcgon- 
Washlngton 

(616tttt) "Maintenance of strcamflow to ensure 
fish and wildlife conservation...,” 

77. P.L. 89-108 
(79 Stat. 
433-435) Act 
of Aug. 5, 
1965 

Garrison Diversion 
Unit, Missouri 
River Basin 
Project, North 
Dakota-South 

“...as will best promote the development ... for 
recreation and fish and wildlife enhancement..." 
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Law 

Title or 
Pooular Naa*e 

Actions/Excerots 

78. P.L.90-136 
(81 Scat. 
444 et se^v 
Act of Nov. 
17. 1965 

Mid-State Division* 
Missouri River Basin 
Project, Nebraska 

. .conserving and developing fish and wild- 
life..," 

79. P.L. 88-594 
(78 Stat. 
942) Act of 
Sept. 12, 19- 

Pecos River Basin 

i 

"...for the conservation of fish and wild- 
life,..." 

80. P.L. 84-386 Trinity River Basin 

(69 Stat. 719) Division, Central 
Act of Aug. Valley Project, 

12, 1955 California 

"...the Secretary shall also allocate to the 
preservation and propagation of fish and 
wildlife,..." 

81. 42 O.S.C. 
4201, 4231 

Intergovernmental 

Coordination 

(4201) "...effective development and utilization 
of... natural resources;..." 



(4231) "...the concurrent achievement of th^ 
following specific objectives .. .Wise develop- 
ment and conservation of natural resources, 
including. . ,w i Idlife, ...” 

82. 49 U.S.C. 
1653 

Preserve Wildlife 
Refuges and Mainten- 
ance of Natural 
Beauty on Lands 
Traversed by High- 
way Projects 

"...national policy... to preserve. . .wildlife 
and waterfowl refuges,..." 

83. 23 U.S.C. 
138, 234- 
207, .*17,319 

Related Highway 
Legislation 
(Preservation of 
Parklands) 

(138) "...to preserve. . .wildlife and waterfowl 
refuges, ..." 

84. 16 U.S.C. 
4601-4 to 
4601-11 

Land and Water 
Conservation Fund 
Act 

"For the acquisition of land, waters,... 
for the preservation of fish or wildlife that 
are threatened with extinction..." 

85. 16 U.S.C. 
1271-1287 
tP.L.90- 
54$ 

Wild and Scenic 
Rivers Act 

(1281) "Any component of the national wild and 
scenic rivers system. . .administered by... 
Interior .. .shall become a part of the national 
wildlife refuge. , .utilize. . .for the conservation 
and management of natural reso^ .*ces . , ." 

86. 20 U.S.C. 
1531-1536 

Environmental 
Education Act 

(1532) "...to support research,. . .demonstrations, 
and pilot projects designed to educate the public 
on the problems of environmental quality and 
ecological balance,..." 
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87. 16 U.S.C. Forestry Research 

582a, 582a -1 Programs 
end 582a-6 


88. 16 U.S.C. 
528-531 


Multiple-Use 
Sustained Yield 
Act of 1960 


(582a-6) M . . .investigation relating to:... 
management of forest and related rangeland for 
production of forage for .. .livestock and game 
and improvement of food and habitat for wild- 
life;...” 

(528) "...the national forests. . .shall be 
administered for. . .wildlife and fish purposes... 


89. 16 U.S.C. 
1131-1136 


90. A3 U.S.C. 
315,313a, 
315h and 
315n 

91. 48 U.S.C. 
Chap. 2- 
Alaska, 
Sec. 6 


92. 16 U.S.C. 
1451-1464 


93. 42 U.S.C. 
4321-4347 


Wilderness Act 


Taylor Grazing 
Act 


Alaska Statehood 
Act Relating to 
Fish and Wildlife 


Coastal Zone 
Management 


National Environ- 
mental Policy Act 


(1131) "...the preservation of .. .wilderness. . . 
(and its community of life] 1 * 

(1133) "...[part of) national wildlife refuge 

system wilderness areas shall be devoted to 

scientific. . .conservation, . . .use. . . ." 

(315h) ”... rules... for cooperation with... 
agencies engaged in conservation. . .of wildlife 
interested in the use of the grazing 
districts. . . ." 

"^Selection from public lands; fish **d wildlife 

resources} property of the United States... 

is specifically used for the sole purpose of 
conservation and protection of the fisheries 
and wildlife of Alaska, ... [etc.} " 

(1451) "The coastal zone is rich in a variety 
of natural, commercial, .. .resources. . .and the 
fish. . and wildlife therein, are ecologically 
fragile. . .important ecological. . .values. . .are 
being irretrievably damaged...” 

(1452) "The Congress .. .declares that it is the 
national policy (a) to preserve, protect,... 
enhance, .. .coastal zone." 

% 

(1461) "...make available estuarine 

sanctuaries for. . .creating natural field lab- 
oratories. . .and make studies of the natural... 
processes. . 

(4321) "...policy which will encourage produc- 
tive. . .harmony between man and his environment;., 
to enrich the understanding of the ecological 

systems and natural resources .. .ensure that 

programs, including those for development and 
conservation .. .take adequate account of environ- 
mental effects ... Seek advancement of scientific 
knowledge of changes in the environment,.. 

Assure assessment of new and changing technology 
for their potential effects on the environxent . , 
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94. 33 U.S.C. 
1251-1376 


95. 33 U.S.C. 
1401-1444 


96. 16 U.S.C. 
742d-l, 

33 U.S.C. 
1155 


management of... fish and wildlife, .. .Foster 
Investigations, studies, surveys, research, 
and analyses relating to (1) ecological systems. 

Pollution Control (1252) "...due regard... to conserve such waters 

in Navigable Waters for the protection and propagation of fish and 

wildlife, aquatic life and wildlife,..." 

(1254) "...studies of the effects of pollution,, 
on fish and wildlife,..." 

Ocean Dumping (1442) "...continuing program of research with 

respect to the possible long-range effects of 
pollution, overfishing, . . .changes of ocean 
ecosystems. ..." 


Pesticide Research (742d-l) "...studies on effects of insecticides, 

pesticides, upon the fish and wildlife 
resources ..." 
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Subject: Wildlife Monitoring Program Plan in response to National Needs 


1. Did you find those National Needs represented by your Agency's relevant 

mission (s) adequately spelled out? If not, please attach. 

2. Did you find your Agency correctly listed as a "USER AGENCY" for the 

information or data to be generated by the relevant projects collected in 
Section 3? If not listed, or incorrectly listed, please indicate the 

project code numbers below: 

Add the Agency to project code numbers : 



3. Are there any matters of detail to which you would like to add? If so, 
please append information. Please use identifying code numbers for projects. 

4. Of all the projects collected in both Sections 3 and 4, to which ten 
would you assign the highest priority? Please use identifying project -code 
numbers. If you wish to add projects, please append. 



Please complete and return to: Dr. John II. Busser 

AIBS/BIAC 

3900 Wisconsin Ave. NW 
Washington, D.C., 20016 
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Department of Agriculture 

Domestic stock, animals on rangeland 
Disease transport 

Wildlife as a host reservoir of disease vectors which may be transmitted 
to domestic livestock, range animals and poultry 
Forest Service. Department of Agriculture 

Hangement of wildlife habitat/effects of land use change 
Forage needs for deer 

Insect surveillance re forest and land management 
Atomic Encrt>.v Commission 

Effects on wildlife of power plant siting 
NOAA. Marine Fisheries Resources (marine fish and mammals^ Department of Commerce 
Endangered species 

Behavior/migration/productivity/ census 
Effects of pollution 

Effects of ocean environment on recruitment and distribution of fish stocks 
Distribution of schooling spec ies/migrat ion routes/resource management/ 
fishing capacity/f ©recast of location 

Large marine animals/migration routes/resource management/ fishing capacity 

National Marine Fisheries Service. Department of Commerce 

Marine mammal abundance 

Census/size/physiological data 

Biomass, population size 

Thna, skip jack/migrat ions 

Sockcye salmon population 

Prediction of safe harvesting and breeding levels 
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Resource management 

Pollution indices/ sentinel species? 


Council on Environmental Quality 

Sentinel species for pollution * behavior/seasonal migration 
Indices of wildlife quality 

Census methods for seal, bowhead whale, dugong, manatee, sea otter, 
polar bear, walrus, canvasback duck, caribou, Puerto Rican parrot 
Endangered species 

Accurate estimates of number, distribution and habitat availability 
for development of adequate protective measures and recovery plans 
Predator species 

For investigation and monitoring the relationship between predator 
densities, natural prey densities and prcaat.on on domestic stock 
Marine species 

Pull development of technological applications for wildlife in the 
marine environment 

Technology for censusing and tracking small cetaceans and seabirds 
Wildlife indices of environmental quality 
Corps of Engineers , Department of Defense 
Impact on wildlife habitat 

From land dumping, reservoir construction, water impoundments, channel 
modification, wetlands - ecological data as well as migratory 
routes, breeding habitats 
Effects on marine resources of deep water ports 
Wildlife distribution and reaction patterns 
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U.S- Wavv . Department of Defense 

Noise interference In naval operations (animal sources) 

Marine mamnal migratory routes 
Seasonal concentrations of populations 
Physiology of deep-diving mammals as analogs for human work 
Pelagic shark monitoring 
Environmental Protection Agency 

Relationship of environmental indices and sentinel species 
' Behavior and response 

Communicable Disease Center (domestic and wild animals). Department of 
Health, Education and Welfare 

Venezuela — equine encephalomyelitis 

Florida and California — Newcastle disease 

South Dakota — duck virus enteritus (Dutch duck plague) 

30,000 ducks in 15 areas lost without trace Jan. /Feb. 1973 

• Southeast U.S. — hog cholera 

How many feral swine there are, where they are and their numerical 
distribution 

Texas border — cattle fever tick 

Deer/cattle ratio, their distribution and migration patterns 
Hoof and mouth disease 
Rinderpest 
African swine fever 
Vesicular exanthama - swine 
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Department of the Interior 
Endangered species 
Census taking 
Migrations and routes 
Behavior 

Resource significance 

Bureau of Sport Fisheries and Wildlife. Department of the Interior 
Conservation and management of wildlife 

Wildlife migrating between the U.S. and other countries, especially the USSR 
Monitoring of predator activity re domestic stock 
Migration, behavior and population studies (with NOAA): 
polar bear, sea otter, walrus, manatee, caribou, birds 
Effects of pesticides on birds 

Browse and domestic grazing: habitat quality study 
National Science Foundation 

International Decade of Oceanographic Exploration (IDOE) 

Research Applied to National Needs (RANN) 

Department of St a ' e 

Wild!. 1 ' fe resources which transcend national boundarieo/management 
U.S. Coast Guard , Department of Transportation 
Offshore fishing regulation and enforcement 

Surveillance and identification of commercial fish schools 
Monitor schools of tuna in Eastern Tropical Tuna Convention area 
Monitor sentinel species in pollution problems 
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Wildlife Management Survey Questionnaire Sent to States 


Please list the most important problems in your State having to do with monitor- 
ing, census -taking, and management of wildlife. For example: "The need to dev- 

elop an effective method for taking a deer — or turkey — census." 

1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 


Please lisl: (1) those technologies which you think would be of value to wildlife 

management personnel in carrying out their responsibilities, and (2) specific items 
of equipment which need to be developed. For example: "Infrared sensors may be of 

value in detecting deer under tree cover; satellite or aerial photography should be 
of value in detecting and counting large animals in open terrain; and a need exists 
for improved, standardized wildlife monitoring equipment -- sensors, telemetry, etc." 

1 . 

2 . 

3. 

4. 

5. 


Please describe the benefits accruing to your State if one or more of the problems 
listed above were solved. 


How much money docs your State spend annually on wildlife management: 


If a conference on "Technology Applied to Wildlife Management" were held this 
summer, which one person from your State would you recommend attending: 


Statistical Information 


1. Nam e 2. 

3. Position * 4. Mailing Address 
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Important State Problems 


1. Detecting meaningful changes in habitats — vegetation. 

2. Determining what constitutes ideal habitat for a variety 

of species. 

3. Determining proper use levels of specified plants by 
specified animals. 

4. When two different species of animals (i.e., livestock 
and antelope) use the same plant or plants , a method is 
needed to determine which species used how much of what. 

5. It is desirable to accurately count wildlife. 

6. Land use data and update: 


Transportation 
Mining operations 
Urban areas 
Wetlands, lakes, ponds, rivers and streams 
Recreation land 

Dwelling counts, i.e. , camps, houses around bodies 
of water, camp roads, etc. 

7. Censusing 

Number and distribution of animals 
Daily and seasonal movements of animals 
Number and distribution of sport hunters and 
fishermen and commercial fishermen 
Location of animal wintering areas, waterfowl 
concentrations, nests, i.e., eagle, osprey, 
etc. 

8; Climatic information, i.e., snow depths and profiles in 
open and in various covers. 

9. Determination of: 

a. Soils data — broad classifications 
Soil type 

b. Vegetation 

c. Numbers and distribution of species 

d. Daily and seasonal movements 

e. Animal tracks 

f. Animal wintering areas 

g. Bird nests 

h. Bird concentrations 

i. Dwelling count for all lakes, ponds, etc. 

j. Heat sensing and monitoring^ Maine Yankee-Mason 

steam plant 


Fore, t land — by type 
Agricultural land — by type 


OF 


pOOR 




157 



10. Method for censusing deer in hardwood and hemlock forest. 

11. Aerial photography for censusing waterfowl on open water 
(wintering v/aterfowl) . 

12. Aerial photography for censusing breeding waterfowl in 
a variety of cover. 

13. Something that could identify by species, wildlife to 
•woodcock size within 200 feet of either side of a 

selected route. 

14. Method for monitoring hunting activity. 

15. Method for monitoring wildlife in a selected area, one to 
two acres in size such as those areas we have altered 

as an improvement for game. 

16. Accurate and practical method of censusing deer, both 
extensive and intensive. 

17. Accurate measure of fawn mortality - telemetry program. 

18. Censusing: lion, bear, coyote, doves, pigeons, turkeys, 

squirrels, sage grouse, sierra and ruffed grouse. 

19. Sampling non-game wildlife populations. 

20. Correct low mule deer fawn survival rates. 

21. Determine means of reversing the downward trend in 
pheasant numbers. 

22. Evaluate the merits of habitat improvement programs. 

23. Sample blacktail deer populations in heavy cover. 

24. Predicting deer hunting success in advance of season. 

25. Countering the anti-hunting sentiment. 

26. Documenting the role of predators, especially coyotes 
as they affect wildlife. 

27. A statewide deer census that would provide accurate 
distribution of patterns for all seasons of the year 
as well as detailed age and sex composition of the 
herd. 

28. An economical method for obtaining accurate quantitative* 
as well as qualitative land use measurements for all 
seasons of the year and the relationship of all game 
populations to the various land use types. 
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29. A refined method of determining proper deer densities in 
relation to existing habitat types in various areas of the 
state. 

30. An accurate, economical method of obtaining statewide informa- 
tion on distribution and densities of all carnivore species: 
fox, raccoor^ skunk, etc. 

31. A method of accurately pinpointing hazardous or potentially 
hazardous sources of water pollution. 

32. Improved methods for censusing deer, moose, bear, timber wolf, 

33. Determining area of shallow water available for breeding 
ducks in different years. 

34. Determining date o' fall overturn and mixing of lake waters 
for series of lakes to determine when best to collect mixed 
water samples. 

35. Deer census. 

36. Anadromous fish census. 

37. Census of swan (whistling) population. 

38. Tracking migration of swans. 

39. Protecting aircraft from the potential hazard of swans. 

40. Census of deer and elk by area and/or habitat type. 

41. Develop a system to determine carrying capacity of our 
big game (deer and elk) ranges. 

42. Census of turkey, pheasant, sage grouse, ptarmigan, sharp- 
tailed grouse and ouail. 

43. Develop techniques for measuring deer and elk winter loss. 

44. Statewide habitat inventory by type and changes occurring 
within. 

45. Rapid evaluation on a large scale of grazing impacts by 
wildlife and domestic animals. 

46. Method of marking large numbers of fish without time- 
consuming, expensive hard labor. 

47. A rapid census technique for most wildlife species, allow- 
ing extensive use annually. 

48. ' Removal of limitations imposed on present telemetry .;athods 

toy power supply. 
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49. Identification of source; of thermal and other nollution. 

50. To monitor the existing range as to type of class in order 
to determine extent of critical winter food and cover. 

51. To determine the plant species compositions on the above 
type classes by percentage of makeup of each. 

52. Determine the accuracy of current game census techniques — 
what percent of the animals in an area are actually observed?, 
etc. 

53. Monitor .adio-cquipped animals more frequently at lower cost 
than current SEL and rotary wing aircraft cost for this 
service. 

• 

54. Develop ultra- light, functional radio transmitters to attach 
to game animals. Current battery weight for an elk or moose 
is approximately four to six pounds. This causes collar 
stress and material breaks and cracks allowing moisture to 
cause malfunctions. Battery life is maximum of twelve to 
eighteen months. This is not enough when monitoring long 
life y big animals. 

55. Delineation and classification of all wetlands (Types I 
through VIII) in Minnesota — regardless of size. 

5.6. Detailed cover maps of forest, agricultural and non- 

agricultural lands, e.g. , changes cropping patterns, 
amount of fall plowing, existing forest openings and 
. species composition of woodlands. 

57. Detailed mapping of existing waterways — rivers, streams 
and man-made drainage systems. 

58. The identification* of ground water discharges to lakes and 
streams. 

59. Statewide stream temperature profiles throughout the year 
to aid in identifying waters with potential for trout 
management. 

% 

60. Vegetative mapping of lakes, with emphasis on emergent strands 
of value to fish and wildlife. 

61. Annual acreage determinations of naturally occurring wild 
rice stands. 

62. An inventory cf man-made • d rice paddies — numbers, 
locations and sizes. 

63. Identification cf effluent discharges to Minnesota lakes 
and streams. 
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64. Annual identification of lakes with nuisance algal blooms 
and a ranking of algal problems by statewide index. 

65. Identification of wildlife concentration (e.g. f deer yards) 
and responses of populations to habitat manipulation. 

66. Enumeration of potential barriers to fish movement (e.g. , 
waterfalls with a vertical drop of six to fifteen feet)* 

67. Adequate surveys to measure and assess impact of habitat 
changes. Species such as the sharptail, prairie chicken, 
and white tailed deer are examples of game animals having 
very specific habitat requirements. At present there is 
no methodology available to: 

a. identify these habitat sites quantitatively or 
qualitatively; 

b. identify critical sites in relation to proposed 
or projected land use changes. 

(High altitude monitoring devices have the 
capability to provide this information.) 

68. Accurate census methods are always needed, particularly for 
big game species in problem areas. An absolute census, for 
example, of deer and antelope in the Sandy Kills (Nebraska) 
would r>n*hle t-he agency to increase management efficiency. 

69. Surveys of unproductive fishing waters (i.e., basic tempera- 
ture data through the season, water depth, quality, etc.) 
are needed before possible management of these presently 
unproductive waters could be initiated. 

70. Census of waterfowl using the Platte Valley is needed. 

This is an important migration stopover. 

71. Census of angler use — fishing pressure on various lakes 
and streams. 

72. A method to analyze the land use inventory specifically 
through the identification of signatures of cover types 
associated with a species or grbup of species. This would 
aid in habitat mapping and species density comparisons. 

73. A means of efficiently censusing game animals, such as 
deer and antelope. The difficulty seems to be in area of 
canopy penetration in coniferous cover and also in differ- 
entiating game animals from domestics. 

74. Water identification to depict ponds as small as one-half 
acre. 
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75. General survey and monitoring of water temperature, pollu- 
tants, chlorophyl content, plankton distribution, biological 
productivity and water depths. 

76. Survey of road traffic density related to use of public 
recreation areas. 

77. The single most important problem in managing Florida's 
wildlife is the maintenance of wildlife habitat. Wildlife 
environs are deteriorating, shrinking and otherwise being 
converted to other uses. Habitat destruction is sometimes 
obvious, and at other times it takes place in hidden and 
almost insidious ways. In the future our effectiveness 

in managing wildlife populations will depend on our ability 
to identify those areas of critical concern and those changes 
that are taking place in specific habitat types. To this 
end we are in need of: 

a. an effective method of inventorying habitat types; 

b. an efficient system of maintaining a habitat inventory; 
and 

c. an effective remote sensing capability that would 
detect and monitor the alteration of wildlife habitat. 

In addition, existing management techniques need to be aug- 
mented by (1) an effective method of cer.susing large mammals, 
(2) a censusing system that would provide a species identifi- 
cation capability and (3) a remote sensing technique for 
monitoring wintering waterfowl populations. 

There are many potential indirect aspects wherein this 
technology could provide valuable assistance and be a 
primary tool in carrying out many aspects of our work. 

It is quite interesting to think of the implications that 
this technology might afford in the area of detecting ard 
monitoring pollution, the mapping of submerged and emergent 
aquatic vegetation (native and exotic) , monitoring the 
effects of floods and droughts, the measurement of changes 
in watershed drainage patterns the determination of or 
separation of wetlands from uplands, the management of 
coastal zones, the determination of minimum habitat require- 
ments for rare and/or endangered species and the detection 
and monitoring of illegal dredge and fill projects. The 
eventual benefits could easily lie in the unknown capabi- 
lities that will probably appear as this technology matures. 

78. More e* >ctive method to census deer, bear, wild turkey, 
pheasant, rabbits, ruffed grouse and other wildlife 
populations. 
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79. More effective method to determine daily activity and 
movements of the cited species. 

80. Censusing deer and determination of post-natal fawn 
mortality. 

61. Determining illegal kill of game/ in. and out of season, 
especially deer. 

82. Vegetative inventories to determine priorities for habitat 
improvement treatment. 

83. Wetlands inventories that would permit qualitative analysis 
of waterfowl habitat. 

84. Monitoring of habitat destruction, e.g., stream channeliza- 
tion, land clearing, land drainage, urban sprawl and 
persistent pesticides. 

85. The need to periodically inventory beaver dams and lodges 
and discriminate between active and inactive lodges. 

86. Daily monitor the Chesapeake Bay area for oil spills. 

87. Daily monitor turbidities in all waters of the state and 
discriminate between plankton and sediments. 

88. A method for recording migration of birds (game and non- 
game) and measuring effects of electric transmission lines 
on migration and possible mortality. 

89. A method of measuring public use on impoundments, streams 
and wildlife management areas without resident managers. 

90. A rapid method (other than fire tower or airplane) for 
detecting forest fires. 

91. Solving problems relating to successfully passing .rigrating 
adult and juvenile salmon at dams. 

92. Estimating populations of salmon, shellfish and various 
marine fishes as they occur in 'rivers or coastal marine 
areas. 

93. Monitor environmental impact of highway construction, stream 
channelization — by recording habitat conditions before and 
after construction. 

94. Deer, black bear, grizzly bear, moose, mountain sheep, 
turkeys and other upland game bird populations are imposs- 
ible to' census with present knovrn methods. 

95. Develop method to enumerate feral p-* and blacktail deer 
in dense rain forests. 
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96. Develop technique for tracing movement of Hawaiian geese 
on lava flows and in forests. 

97. Develop- census technique for feral goats which live on 
precipitous cliffs. 

98. Capturing sufficient numbers of wild animals to facilitate 
valid studies is often difficult. Better techniques , drugs 
and mechanical devices are needed. 

99. Long life telemetry transmitters are needed at reasonable 
prices; perhaps solar powered equipment is necessary. Also, 
directional locating antennas and receivers need higher 
resolution powers, as some transmitter signals peak over 
too wide a compass range for exact location. 

100. Monitor migrations: dove, snipe, woodcock, rail, waterfowl 

particularly wood duck in timber, shrimp and schooling fish 
in coastal waters. 

101. The need for more information on the effects of disease in 
upland game populations. 

102. Need for monitoring dog depredations on deer. 

103. Need for detecting big game poachers in specific areas. 

104. Need to monitor the "fall shuffle" in sub-adult grouse. 

105. Need to determine percentage of diseased animals (deej^ 
foxes) in large areas during outbreaks of rabies, blue 
tongue or EHD. 

106. Need to develop an effective method of mapping: 

a. vertical and horizontal thermal gradients in streams 
and impoundments ; 

b. turbidity in streams and impoundments; 

c. both emergent and submerged aquatic vegetation; 

d. nutrient distribution, especially nitrates and 
phosphates ; 

e. total dissolved solids; 

f. total dissolved oxygen; and 

g. total dissolved CO 2 . 
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107. Need to monitor movements and numbers of hard-to-find 
animals such- as. black bear, bobcat and coyote. 

108. Monitor movements and activities of free-roaming dogs, 
especially in relation to deer ruortality. 

109. Aerial census techniques for waterfowl using vertical 
photography and scanning counters. 

110. Habitat monitoring using multi-spectral photographs from 
satellites. 

111. Computer science application to data storage and retrieval, 
survey techniques, modeling, etc. 

112. Medical physiology and pharmacology for handling wild animals. 

113. Need effective techniques to census deer, elk, turkey, 
javelina, bighorn, lion, bear. 

114. Determine reasons for low deer fawn survival. 

115. Frequency of livestock kills by lion and bears and whether 
stock killers are certain individuals or any hungry lion 
or bear with the opportunity to make a kill. 


ORi&NAL PACE |s 
OF POOR QUALfTY 
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II. Important Technologies and Desired Equipment 


1. Device or method for obtaining meaningful data concerning 
the habitat. 

2. Automatic digitation of land uso and pollution (including 
thermal) source data to facilitate computerized mapping 
for update and monitoring purposes. 

3. Infra-red sensors. 

4. Development of automatic equipment for determining and 
cataloging signatures of animals, pollution sources, algal 
blooms, etc. 

5. Infra-red monitoring of entire river drainage for: 

a. pollution - sources and dispersion; 

b. surface water temperatures; 

c. flows and water levels. 

/ * 

6. Infra-red monitoring of River Estuary for: 

a. salinity; 

b. flushing rates; 

■c. tidal currents. 

7. Telemetry in all phases. 

8. Ability to read sensitive photos. 

9. Sensors that can pick out moving waterfowl in thick 
cover on marsh surfaces. 

10. Computer science. 

11. Telemetry. 

12. Infra-red sensors. 

13. Aerial photography. 

14. Improved te. 1 e me try equipment and technique. 

15. Remote sensing capability to census big game animals. 

. Improved trapping techniques for all wildlife. 
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17 


. Remote sensing to measure big game population trends in 
heavy cover. 

18. Twenty-four hour surveillance of coyote activity, using 
a more suitable technique than telemetry. 

19. Damage control devices to resolve conflicts between big 
game and agriculture. 

20. Improved technology to monitor wildlife populations (game 
and non-game) economically, accurately and swiftly at all 
seasons of the year. 

21. Infra-red sensing and photography for counting big game 
animals. 

22. Temperature sensors (which can broadcast temperatures) to 
be attached to fish to determine their thermal tolerances 
and preferences. 

23. Dissolved oxygen sensors (which can broadcast data) to 
determine tolerances and preferences. 

24. Infra-red censors for deer. 

25. High and’ low altitude photography. 

26. Telemetry during migration. 

27. Proximity sensors (counters) to record number of animals 
passing a given point. 

28. Water warming techniques for fish hatcheries using 
nuclear or solar energy. 

29. A heat or infra-red emitting device on animals for detection 
by aerial sensor. 

30. Satellite telemetry to determine location of marked individuals 
with reasonable accuracy. 

31. Further miniaturization of telemetry components or circuitry 
to decrease v/eight. 

32. Need for various imagery photos of vegetation are essential 
to range management. 

31. NASA could provide technical training to State personnel 
in photo interpretation. 

34. Infra-red sensing coupled with high altitude photography to 
provide census and habitat data. Also, computer printout 
of diversity or nearest neighbor association is needed for 
a qualitative habitat approach. 
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. Interpretation of imagery requires a certain degree of 
specialization. Wildlife people will need to be cross- 
trained before their experience and judgment can be fully 
utilized. 

36. Research needs to be continued in developing interpretation 
equipment which can be programmed to identify and translate 
imagery. 

37. A need for standardized telemetry equipment. 

38. A refinement of infra-red sensing equipment is needed for 
wildlife censusing. 

39. Use of satellite or high altitude photography needs to be 
investigated for its application in habitat studies. 

40. Coupling of sophisticated, multipurpose monitoring equip- 
ment capable of recording changes in animal and fish life 
with that capable cf recording changes in air and water 
quality might help clarify questions about pollutant 
impacts on species. 

41. Developing equipment capable of product .g large area 
sound or odor might be of value for "herding" endangered 
or rare species to protected areas. 

42. .More efficient telemetry equipment. 

43. Improvements in infra-red imagery, multi spectral imagery, 
radio tracking and telemetry. 

44. Improved satellite photography, remote TV scanning and 
satellite monitoring of radio-telemetry gear attached to 
animals. 

45. Remote sensors of bodily functions as indication of physio- 
logical response to environment. 

46. Equipment for observing and/or recording activities of 
wildlife at night or other times when normal vision is 
obscured. 

47. Monitoring equipment for limnological chemistry of streams 
and impoundments. 

48. Equipment for marking and following fish. 

49. Sophisticated scanning equipment which permits observing 
fishes under water would aid greatly in assessing fish 
populations, distribution and general behavior. 
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. Chemicals or other means of inexpensively and selectively 
controlling competitive or predaceous fish populations ** 
and for controlling the growth of aquatic vegetation could 
greatly improve salmon production in streams and large im- 
poundments. 

51. High resolution aerial photography for plant type identifi- 
cation as related to habitat/population estimates. 

52. a reliable self- triggering photo recorder for wildlife 
species. 

53. Improvements needed in animal tracking telemetry. 

54. Remote sensing devices for monitoring specific functions of 
animals. "In my case, I need a device to monitor the gobble 
of individual wild turkey toms in order to learn more of 
specific gobbling behavior of the adult and juvenile gobblers." 

55. ’ In managing our deer herd, effective infra-red sensors used 

to periodically locate and enumerate our herd would help 
evaluate land management practices and harvest requirements, 
as well as assisting hunters in locating their quarry. 

56. Miniaturization of radio telemetry equipment. 

57. Infra-red sensors to detect deer under tree cover. 

58. Radio telemetry equipment offering more dependability and 
greater ranges. 

59. Sensors for detecting entry into area by unauthorized 
personnel. 

60. Economically feasible equipment to monitor movements of 
radio-equipped wildlife and improved power sources for 
the transmitters used — smaller and with an operational 
life of at least a year. 
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III. 


Benefits to the States 


1. Be in better shape to cope with the main problem of wildlife 
management — land being used up for coal mining/ roads# 
towns# clearcuts, etc. 

2. Better understanding of the resources and therefore improved 
ability to use them.. 

4 

3. Better handle on deer range carrying capacity which would 
lead to more meaningful antlerness quotas. 

4. Improved management of wildlife populations. 

5. Refinement of seasons and bag limits. 

6. Better acceptance of wildlife management principles by public 

7. Would provide additional knowledge necessary to confidently 
manage wildlife populations for the most efficient utilisa- 
tion of the resource. 

8. Allow better wildlife management on a prescribed area basis. 

9. Better estimate of waterfowl production. 

10. Have no real knowledge of size of deer herds at present. 
Improved technology would provide great benefit to harvest 
management. 

11. Bird hazards to aircraft. 

12. An appreciation of our wildlife resources. 

13. Streamline operations and make them more efficient. 

14. Better and more efficient management of existing resources. 

15. Potential for increase in resources with resulting increase 
in opportunity for participants. 

16. Will improve economy of state. 

17. Make concrete recommendations to local managing agencies to 
stabilize game herd levels. This would make animal manage- 
ment more of a science instead of the present guesswork 
type operation involved in many instances. 

18. The benefit of accomplishing any of our several proposals 
would be a savings of approximately five man-years in labor 
and expense. It would give almost "instantaneous" identifi- 
cation of problem areas, rather ' han devoting time (as is 
currently done) to identification and evaluation of problems 
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only to find out it's too late to do anything. In other 
words, it would take wildlife management out of the ranks 
of always fighting a "rear guard action." 

« 

19. At present, surveys, inventories and, in general, overall 
management are the result of on the ground observations. 

The time element and manpower required to collect and 
interpret data from 77,950 square miles reduces our ability 
to function as managers. The ability to observe and properly 
analyze regional and statewide areas as a whole and on a 
current seasonal basis will increase the validity of estimat- 
ing reproductive success (based on nesting cover, for example) 
or over-wintering (based on snow cover or crop removal, for 
example) . The applications of t^is, of course, extend into 
the fisheries portion of wildlife management. 

20. If the cited problems were solved, we would be better able 
to protect, preserve and manage wildlife habitat and 
individual wildlife species. Resources could be allocated 

• more efficiently and effectively. 

21. One measure of the importance of deer in Michigan is licence 
sales — over half a million annually, bringing in revenue 
of around $3 1/2 million. Any refinement or improvement in 
administration or management of this resource is of great 
importance. 

22. Wildlife resources could be managed more effectively and the 
effects of major land use practices on wildlife habitat could 
be more accurately assessed. This increased efficiency would 
be worth millions of dollars in the form of additional annual 
recreational opportunities to North Carolina hunters. 

23. The benefits would -be better management of an expendable 
resource. 

24. Problems related to deer mortality, particularly fawn mortality 
and "dog-kills « ” would be useful in terns of habitat develop- 
ment and developing public sympathy for stricter dog curbs. 

25. Dog depredations and deer poach, lg are serious problems which 
limit our deer herd. If solved, would increase deer popula- 
tions with economic benefits accruing to state and local 
communities. 

26. Accurate population estimates of deer and turkey would greatly 
assist in harvest manipulation, setting of seasons and bag 
limits. 

27. Determining concentration of diseased wildlife would facilitate 
control and treatment. 

28. The management of our wildlife resources could be more in'elli- 
gently conducted and with increased accuracy, economy, an 

less manpower and man-days effort. 

171 



29. Benefits would include: 

a. greater accuracy in censuses, resulting in better 
game management programming? 

b. cost-savings on personnel time? and 

c. better assessment of environmental impact of pro- 
posed projects or activities. 

30. Wildlife population surveys would permit improved harvest 
regulations consistent with carrying capacity of the 
habitat. 

31. Benefits to the state (Oregon) could easily exceed $1 million 
annually. 

32. The annual inventory of cover type statewide would identify, 
at an early date, trends in habitat loss or conversion to 
other cover types. This would permit a more rational eval- 
uation of existing wildlife population trends and enable 
predicting more precisely the anticipated wildlife supply 
for future demands within the scope of our long range 
wildlife management plan. 

33. Since Maryland hosts approximately 60% of the Atlantic 
flyway waterfowl population, early detection of major 
oil spills could have a significant bearing on any 
waterfowl rescue effort. 

34. If we (Arizona) had techniques to permit determining popu- 
lation density of various species of big game, we could do 
a fantastically better job of management. We could then 
determine annually the desired kill, basing it on the repro- 
ductive capacity of the animal, the carrying capacity of 

the area, as well as the population level. Number of hunters 
could be determined for each species and each area. Public 
relations problems with both hunters and non-hunters would 
be immeasurably simplified as a result. 
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Appendix F: Technical information on Specific Reoairements for 

Biological Measurements 

Fart I: Biological Data Needs 

Part II: Technological Approaches 
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Paic I: Biological Data Needs 

Census (Table 3). The need Is for data which will allow an estimate 
of total population to some required coafidence level (typically + 5% 
to + 20% to an 80% confidence level). 

The frequency of censu-° data needed ranges from dally (i.e,, during 
a salmon run) to once every thre years (for certain wildfowl). 

For the animal types analysed, raw census data requirements vary 
from one or two animals per sq km to the "solid" appear anc z of some 
bird flocks or salmon runs when in a favorable habitat, 

Ihcre nay often be a two step 'process to censusing. Determination 
of whether or not a habitat is favorable is first based on kinds of 
vegetation, topography ’•her characteristics; if an area is favorable, 
then a ground or aerial survey is made. In some cases there is 
sufficient knowledge about animal habits to oermit a census by habitat 
area alone, with s r at checks on the ground only to verify the basic 
density multiplier. 

Location (Table 4). The need is for obtaining data which locates 
identifiable animals or groups of animals (herds, flocks, pods). In 
order of increasing difficulty this Involves: 

• L.-’-ge animals in open habitat 

• Bird* in flight over contrasting background 

• Birds in flight over concealing background 

• Small animals in open habitat 

0 La: $e animals under concealing canopy 

• Small animals under concealing canop; 

• Animals in de;>. •. burrows or . nder water, ice or snow. 

There Is need for locatio;. : night and all times of the year. 

Ground trutu verification must be orovi^ed to assess the completeness and 

accuracy of results obtained by s-.rvelllance systems. 
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The normal animal movement expected varies from containment within 
a home range circle with a 10 km diameter to a migration of 9000 km. 
Animals move with speeds up to 50 kro/hr. 

The accuracy required for locating animals varies from + 10 - 100 m 
for animals in a group not in motion to + 0.5 - 10 km during migration, 
hunting or foraging. 

The frequency needed for th.s measurement varies from continuous 
tracking to twice yearly. 

Behavior (Table 5). Variables of interest include the time spent 
in hunting, feeding, breeding, flying, resting, diving, on a nest, in 
a burrow, in motion activity, nursing and hibernating. For most of these 
activities sensors in a field-ready package to be applied to various 
animals do not exist in most cases. 

The resolution required varies from + 5 - 257,. 

The frequency of coverage varies a great deal according to the animal, 
i.e., continuous, twice per day co differentiate day/night activity, 12 
times per day and per dive. 

Physiology (Table 6). Frequency of coverage varies from continuous 
to daily, or per hour being the most common. 

Habitat (Table 7). Frequency of coverage varies from continuous tv 
once per year, twice per day being the most common. 

Detection and Identification (Table 8). Resolution required for 
detection varies from .03 to 5 m, for identification from .2 to 1 m. 
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Table 3. Census 


Range 

Animal • Datum (individuals) Resolution (%) Frequency of Coverage 


Wildfowl 

Total 

10 3 - 10® 

+ 20 

12 per year 

Predatory 

carnivores 

Total 

- - 

+ 5-10 

1-2 per year 

Porpoises and 
young whales 

(School, pod) 

4 

10 - 10 

4 10 

1 per year 

Polar and 
other bears 

- - 

1 • 20,000 

•1 

2-4 per year 

Rodents 

(Colony count) 

0-15 per 
100 m 2 

— 

2 per year 

Raptors 

- - 

1 - 900 

+ 5 

2-4 per year 

Cattle 

— 

10 - 10 3 


12 per year 

Bill fish 

i 

100 - 200 

4 20 

6 per year 

Deer 


1 - 9000 

t 10 

4 per year (seasonal) 

Sheep 

• - 

•i 

tl 

12 per year 

Turtles 

- - 

0-2 per km^ 

— “ 

During nesting season 
only. Daily near coast 
and on beach* 

Adult whales 

i 

I 

1 

(Individuals and 
pods) 

i 

*-» 

o 

W 

4 20 

1 per year 

Other marine 
mammals 

(In herd) 

1 - 250 

4 5 

it 

Salmon 

(During run) 

0 - 100% 
density per 
x depth 

* ^ 

Daily during run 

Sessile shell- 
fish 

N/A 

— 

- - 

- - 

Passerine birds 

(Individuals and 
flocks) 

100 - 10^ per 
100 m 2 

± 10 

2 per year 

Locusts 

(Swarm) 

To 10® per km 2 
(1-5 km 5 ) 

176 


Weekly when swarming 
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Table 4. Location 


* ] 

Datum 

Range 

Resolution 

Frequency of Coverage 

Wildfowl 

— 

Global 

+ 5 km 

Daily to monthly 

Predatory 

carnivores 

- - 

20 - 100 km 
dia circle 

+0,5 km 

Daily to weekly 

Porpoises and 
young whales 

(School, pod) 

100 m - 1 kn£ 
School 

travels 100 - 
103 km 

+ 5 km 

2 per mo 

Polar and 





other bears 


500 km dia 
circle 

+1 - 5 km 

Daily 

Rodents 

(Colony) 

0-5 per 
kn2 (non- 
moving) 

+ 20% 

2 per yr 

Raptors 

— 

10 3 km 

+0.5 km 

Daily to weekly 

Cattle 

Sedentary 

Migratory 

20 km dia 
circle 
200 km dia 
circle 

+ 10 - 100 m 
+ 1 km 

Daily 

Bill fish 

- - 

Global 

+ 10 km 

6 per yr 

Deer 

- - 

K0 km dia 
circle 

+0.5 km 

1 per hr - 2 per day 

Sheep 

— 

— 

tt 

Daily 

Turtles 

- - 

10 km dia 
circle 

+ 0.5 - 3 km 

1 per hr - l per day 

Adult whales 

- - 

Global 

+0.5 km 

1 per day 

Other marine 
mammals 

Sedentary 
Mi gratory 

100 km dia 
circle 

500 - 2000 km 

+ 1 km 

it 

it 

Salmon 

To locate buoy 
if it breaks 
loose 

10 km dia 
circle 

1 1 

1 per hi - 1 per day 

Sessile shell- 

N/A 


- - 

• - 

fish 





Passerine 

birds 

Three dimensions 
X,Y,Z 

G loba 1 , 
global, 10 I;m 

+ 1 km, 1 kn, 
~ 0.1 km 

Daily, daily, continuous 

Locusts 

- - 

0 - 9000 km 

V 

+ 1 - 5 km 

n 

Daily 



Table 5. Behavior Variables 


Animal 

Vildfovl 

Predatory 

carnivores 


Porpoises and 
young whales 


Polar and 
other bears 


Rodents 


Datum 

Range 

Resolution 

Frequency of Coverage 

N/A 

— 

— 

— • 

Time feeding 

0 - 100% per 
hr 

+ 20% 

Rourly to 2 per day 

Time hunting 

ii 

it 

•t 

Time resting 

•i 

i« 

•t 

Time breeding 

ii 

ii 

ii 

Time feeding 

it 

■i 

it 

Time diving 

0.5 - 5 min 
per dive 

ii 

Per dive or accumulate 
in X of hours per day 

Diving depth 

0 - 300 m - 
2000 m 

+ 5% 

Per dive 

Respiratory rate 
as activity 
indicator 

0. 1 sec - 
0.2 min 

+ 25% 

1 per hr 

Diving rate 

l per min - 
1 per hr 

Diving or not 

- - 

Swimming speed 

0-20 km/hr 

+ 10V 

2 per day 

Feeding 

0 - 100% per 

+ 20% 

it 





Resting/hiber- 

nating 

M 

it 

t 

it 

Hunting 


it 

•t 

Breeding 


it 

ii 

Time in burrow 

II 

i« 

•• 

Time on surface 

fl 

it 

ii 

Time flying 

■ 1 

it 

it 

Time resting 

ft 

ti 

it 

Time feeding 

■1 

ti 

ii 

Time in nest 

• 1 
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it 


Raptors 




Table 5. Continued 


Animal 

Datum 

Range 

Resolution 

Frequencv 

Cattle 

Movement rate 

0 • 40 km per 
dev 

+ io% 

Dally 


Movement direc- 
tion 

360° 

10° 

•i 


Time feeding 

0 - 1007. per 
hr 

4 20% 

2 per day 


Time resting 

«i 

•i 

•i 


Time breeding 

•t 

ii 

it 


Reticulum 

activity 

it 

i» 

1 per hr 

bill fish 


- - 


- - 

I>eer 

Time feeding 

0 - 100% per 
hr 

4 20% 

1 per hr 


Time resting 

■i 

it 

M 


Time breeding 

ii 

•i 

II 

f'hecp 

Time feeding 

i« 

•i 

Continuous 


Time resting 

ii 

ti 

•i 


Time breeding 

•t 

ii 

if 


Time moving 

ii 

it 

M 

Lurt les 

Movement rate 

0-20 km/hr 

ii 

Daily 


Movement 

direction 

360° 

10° 

1 per hr - 


Pitch angle 

+ 90° 

II 

Per dive 

Adult shales 

Diving frequency 

1 per min - 
1 per hr 

Diving or not 

Hourly 


Diving depth 

0 - 8300 m 

+ 107, 

H 


Time nursing 

0 - 100% per 
hr 

+ 207. 

2 per day 


i 

1 

> 
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Table 5. Concluded 


Animal 

Datum 

Range 

Resolution 

Prequoncy of Coverage 

Adult whales 

Time feeding 

! 

0 - 100 % per 
hr 

+ 20% 

2 per day 


Tailbeat 

1 

1 

5 beats per 
sec - 1 beat 
per 2 sec 


2 per hr 

Other marine 
mairmals 

i 

Swimming speed 

0-20 km/hr 

± 5% 

1 per hr 


Dive rate 

0-1 per min 

Per dive 

Per dive 


Dive depth 

0 - 1500 m 

± 5% 

•• 


Time on beach 

0 - 100% per 
hr 

+ 20% 

12 per day 

Salmon 

School movement 
speed 

0-50 km/hr 

u 

Per day 


School movement 
direction 

360° 

•i 

1 per hr - 1 per day 

Sessile shej ish 

- - 

- - 

— 

- - 

Passerine birds 

1 

# 

- - 

- - 

- - 

Locusts 

Time of hatching 

1 per 7 years 

Nearest day 

On hatch day 


Larval time 


n 

1 per day 


I 

1 

I 

i 

t 

1 
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Table 6. Physiology 


Animal 

Datum 

Range 

Resolution 

Frequency of Coverage 

Wildfowl 

- • 

- - 

- - 

- - 

Predatory 

Metabolic rate 

- - 

- • 

Hourly 

carnivores 

Estrus 

0 - 100% per 
day 

+ 50% per day 

Daily 

Porpoises and 

EEG (as sleep 

0 - 100% per 

Sleeping or 

1 per hr 

young vhales 

indicator) 

hr 

awake 



i Heart rate 

20 - 120 per 
min 

1 10 % 

- - 


C02 produced per 
kg body weight 

per hr 

Unknown 

± 5% 

l per hr 


EMG (clectro- 
myogram 

if 

it 

11 

Polar ar.d 

MtttaKrtl i r ra^o 

- . 

. . 

Hnnrl y 

other bears 

Estrus 

0 - 1007* per 
day 

+ 50% per day 

1 per day 

Rodents 

- - 

- - 

- - 

- - 

Raptors 

- - 

- - 

- - 

- - 

Cattle 

Oxygon 

consumption 

Per 6 hours 

- - 

4 per day 


Body temperature 

30 - 40° 0 

+ 2° C 

it 

h 11 fish 

Heart rate 

10 - 30 per 
min 

+ 2 per min 

1 per 3 days 


Body temperature 

10 - 30° C 

+ 1° C 

it 

Deer 

Metabolic rate 

- - 

- - 

1 per hr 


Estrus 

0 - 100% per 
day 

+ 50% per day 

Daily 


Ingesting or 
voiding v.’ater 

i 

11 


1 per hr 


1 
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Table 6* Concluded 


Range 


Animal 

Datum 

(individuals) 

Resolution (%) 

Frequency of Cover at 

Sheep 

Metabolic rate 

- - 

- - 

Continuous 


Body temperature 

- - 

i 1 ° c 

it 


Food consumed 

% of body 
weight 

- - 

M 


Water consumed 

it 

- - 

11 


Lstrus 

| 

0 - 100% per 
day 

+ 50% per day 

Dally 

Turtles 

Heart rate 

0-75 per min 

- - 

1 per hr - 1 per day 


Body temperature 

20 - 30° C 

+ 0.5° C 

•i 

Adult vhales 

Respiratory rate 

2 per min - 
1 per hr 

+ 5% 

1 per hr 


Heart rate 

2 - 100 per 
min 

II 

«i 


Body surface 
temperature 

-4 - 300 C 

+ 0.5° C 

it 


Body deep 
temperature 

30 - 38° C 

II 

it 

Other marine 
mammals 

Body deep 
temperature 

32 - 40° C 

It 

ti 


Body surface 
temperature 

-4 - 38° C 

It 

it 


Metabolic rate 
in C0 2 /k 8 /hr 

Unknown 

+ 5% 

it 

Salmon 

- - 

- - 

- - 

- - 

Sessile shellfish 

- - 

- - 

• - 

- • 

Passerine birds 

- - 


- - 

- - 

Locus ts 

Reproducing 

0 - 100% per 
day 

+ 50% per day 

1 per day 
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Table 7> Habitat 


Atvlinal 
u •: l<?f. wl 


* \ *'.i ,it o» *• 

oarm v-'i r ^ 


Voipojsp-. nnrl 
young whale* 


; olar and * ther 
>*» <rs 


Datum 

- Ranee • 

Resolution 

Frequency of Coverage 

Ve j»c* tat » un 

type 

10 types 

Type per ha 

2 per yr - 1 per 3 yrs 

Water area 

- - 

100 m 2 

1 per week 

Water depth 

0 - 5 m 

0.2 id 

M 

Joe /sn^v? 

Presence or 
absence per/ha 

+ 20% 

II 

j *'?nd syce^ 

! 

0 - 15 in per s 

+ 5% 

1 per day 

t W i nd detect i on 

1 

360° 

11 

ii 

\ 

j Avi temperature 

i 

- 20 - 60° C 

+ 5° C 

l per hr 

iiel aci vo 
Vintidt cy 

10 - 1007o 

+ 57. 

2 per day 

Wind sneed 

0 - 100 km/hr 

+ 10 km/hr 

n 

Ve go ration 
ctage 

- - 

— 

1 per vk 

Light incident 
on the animal l 

Light/dark in 
| 0 - 1007* per hr 

+ 507. per hr 


Vb«M iti^c 1 i nr 
uepth 

3 - 300 m 

± 107. 

2 per day 

Watar surface 
* emperatui e 

-4 - 30° C 

± 0.5° c 

ii 

Re low thou hi - 
•: 1 f i»o tempera 
tuiv 

ii 

M 

■i 

Scat ter i nr, 
layer 

Presence or 
absence 

-- 

ii 

>\ir temperature 

-20 - 30° 0 

+ 5° C 

1 per hr 

Relative i 

humid > 1 y 

10 - 1C0% 

+ 10% 

2 per day 

Wind speed 

0 ->160 km/hr 

+ 8 km/| ir 

•i 


Table 7* Continued 


Animal 


Rodent s 


Rapt pi s 


<\M tie 


Rill fish 


Datum Range Resolut Ion Frequency of Coverage 


Burrow 
tenipur.it tire 

5 - 20° C 

+ 1° C 

2 per day 

Burrow 
re 1 a t i w 
humi ditv 

AO - 80% 

4 5% 

it 

Vcfrt'it t ut type 

- - 

- - 

- - 

S(*i 1 r » i s t ure 

0 - 100% 

4 107. 

2 per day 

Wi nd sp- od 

0-50 km/hr 

4 5 km/hr 

12 per day 

Wind di lection 

300° 

4 45° 

tt 

Air temperature 

-10 - 50° C 

±5° C 

2 per day 

Air •‘cMnperature 

-?0 - 60° C 

It 

1 per day 

Wind speed 

0 - 150 km /In 

+ 107, 

tt 

Wind direction 

360° 

ft 

it 

Re 1 <tt i vo 
humid i t > 

10 - 100% 

tt 

•t 

Forage 

pinduet i vi t y 

0 - 45° C 

4 1° C 

tt 

Aii- 

temper at ure 

-35 - 45° C 

4 2° C 

1 per hr 

Ret at i \ ♦* 
humi d it y 

10 - 100% 

4 5% 

tt 

Soil moisture 

0 - 100% 

4 10% 

1 per day 

Wind spend 

0 - 100 km/hr 

II 

l per hr 

Wind direction 

360° 

It 

it 

Water 

temperature 

10 - 30° C 

+ 1° c 

1 per 3 days 

Water salinity 

2S - A0 parts 
per thou 

+ 2 parts per 
thou 

tr 

Water optical 

den^ i L V 

- - 

- - 

tt 

f'ip » »nt ' p o 1 


- - 

tt 

Current 
d i rnr t 1 on 

1 300° 

• 184 
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Table 7* Continued 


Animal 

Dn„um 

Range 

Resolution. 


Deer 

Vegetation 

stage 

-- 


1 per day 


Air 

temperature 

-20 - 50° C 

1 

+ 5° c 

1 per hr - 2 per day 

i 


Relative 

humidity 

10 - 100% 

+5-10% 

2 per day 

1 


Wind speed 

0-80 km/hr 

+ 10% 

i« 


Is animal in 
shade 

Light/dark 

- - 

j 1 per hr 

Sheep 

Vegetation 

stage 

i 

kg/ha 

- - 

1 per mo 


j 

Vegetation 

type 

10 types 

Type /ha 

1 per yr 


Air 

temperature 

- - 

+ 1°C 

Continuous 


Elongation 

- - 

Yearly total 
+ 2 cm 

tt 

Turtles 

Vater 

temperature 

15 - 35° C 

+ 0.5° c 

l per day 


Vater current 

Still or floving 

- - 

1-2 per day 


Water current 
speed 

0-30 km/hr 

+ 107o 

1 

1 

l per hr - 1 per day 


Vegetation 

biomass 

(chlorophyll) 

10 - 100 m 

Presence or 
absence 

tt 


Surface light 
intensity 

l 

- - 

1-2 per day 


At depth 
light intensity 

- - 

- - 

it 

Adult vhales 

Water 

temperature 

-4 - 30° C 

± 5% 

1 per hr 


Water salinity 

15 - 40 parts 
per thou 

ft 

2 per day 


1 ■ 

depth 

1 0 - 600 m 
185 

± 50 m 

♦ r 


^ssu 


Table 7. Continued 


Animal 

Datum 

Range 

Resolution (7,) 

Frequency 

Other marine 

Water 

1 

i 

0 

o 

© 

1 
1 

+0.5° c 

1 per hr 

mammals 

temperature 

1 




Air temperature 

-60 - 38° C 

II 

m 


Wind speed 

0 - 130 km/hr 

± 5% 

it 


Wind direction 

360° 

II 

ti 

Salmon 

Water surface 





temperature 

0 - 30° C 

± 0.5° C 

1 per day 


Floe ice 

Floe dia 

+ 50 m 

m 



10 - 100 m 




Light intensity 

10 - 100 m 

3-10 steps 

ir 


at depth 





Water 

0 - 30° C 

+0.5° C 

if 


temperature at 





depth 





Water current 

Still or 


1 per day 



floving 




Water current 

0 * 30 km/hr 

+ 5 kra/hr 

ii 


speed 





Water current 

360° 

± 45° 

it 


direction 





Magnetic field 

0.7 G 

- - 

it 

Sessile shellfish 

Water temperature 





at depth 

10 - 30° C 

+ 1° C 

1 per hr 


Water salinity 

- - 

- - 

ti 


Water color 

- - 

- - 

it 


Zooplankton count 

4 3 

0 - 10 per m 

+ 100 

it 

Passerine birds 

Vegetation type 

10 types/ha 

- - 

1 per yr 

Locusts 

Air temperature 

-20 - 60° C 

+ 5° C 

2 per day 
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Table 7. Concluded 


Acimal - , Pfl.tvm. 


Locusts 


Relative humidity 
Wind speed 
Wind direction 
Vegetation stage 


1 Range 
10 - 100 % 

0 * 160 km/hr 
360° 


Resolution 

+ 10 km/hr 

t 20° 


2 


Frequency of Cover g ye 
per day 

n 


1 per wk 


i 



Tabic 8. Spatial Resolution Required for 
Detection And Identification 


Animals 

Detection 

Identification 

Carnivores 

1.0 m 

0.2 at 

r olar bears 

0.3 m 

0.3 m 

Porpoises 

1.0 m 

0.2 m 

Whales (small) 

2.0 m 

0.5 m 

W u ales v ^rge) 

5.0 m 

1.0 m 

Rodents 

0.03 m 

0.02 m 

Cattle 

l.O.-r. 

0.2 m 

Sh^llfish/bill fish 

N/A 

N/A 

Deer 

1.0 m 

0.2 m 

Sheep 

0.5 m 

0.1 m 

Turtles 

0.5 m 

0.1 m 

Pinnipeds 

0.5 m 

0.1 m 

Salmon * ** 

5.0 m 

0.02 n 

Passerines 

0.02 m 

0.02 m 

Locus ts *** 

0.01 m 

0.01 m 


* Detection affected by tar get /back ground contrast 

** Detection of the school 

*** Detection of the individual. If swarming, 1D.0 m sufficient. 
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yart II: Technological Approaches 

Interrogation, Recording and Location System (IRLS) 

Starting in 1966, the IRLS has been employed on the Nimbus 3 and 4 
satellites for a variety of mobile platform position location and data 
collection experiments. It was used to track an elk in Uyoming over 
. a 96 km range during a period of a few weeks in 1969. 

The IRLS technique requires a transponder (ordered system) to be 
carried by the animal. Upon recognizing its specific address, the 
animal's transmitter is activated and a ranging signal sent to the satellite. 
The satellite receiver detects the signal's modulation and measures the time 
of arrival by comparing the signal with an on-board time standard. This 
time is a measurement of the range between the animal and the satellite. 

At a predetermined time shortly thereafter the measurement is repeated. 

The times of the first and second measurements are stored in the satellite 
and transmitted to a ground station on command. 

Precise satellite orbit and the two range measurements provide sufficient 
data for computing the animal's position. Sensor data are modulated onto 
the animal- to-satellite transmissions. 

The advantage of this technique is that it has been shown to be 
effective with medium to large animals and to provide .o cation accuracies of 
three to five km. The platform weight of 10 kg can be reduced by employing 
microminiaturization components anJ solar cells for power. Use of known 
calibrating stations in the general region of the experiment could improve 
the position accuracy to better than three km. 
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Random Access Measurement System (RAMS' 

This technique, planned for testing on Nitnbus F in 1974, requires a 
stable frequency transmission generated from an oscillator carried by an 
animal. A low orbiting satellite measures the frequency of the received 
signal, which consists of the frequency of the transmitted signal plus or 
minus a doppler frequency shift. The doppler shift is dependent on the 
transmitter frequency, satellite velocity, satellite position and animal 
position relative to the satellite track. If the first three quantities 
are known, a locus of possible locations of the animal can be calculated. 

A second doppler measurement, combined with the first, gives the animal's 
location. Knowledge of the animal's previous location can be employed to 
resolve any position ambiguity. 

The principal advantage of this technique is its narrow band width and 
low transmitting power requirements. The animal transmitter may be simple, 
permitting ease of Implementation. No receiver is required. A disadvantage 
of the technique is the need for relatively high platform frequency stability 
(better than 1 part in *10^ short term). Mutual interferences limit the 
number of platforms to 200 simultaneously in the view of the satellite. 

Sensor data are modulated onto the transmitted signal for determining 
biological and physiological parameters of the animal. 

Omega Position Loc-tion Experiment (OPLE) 

OPLE has been employed in conjunction with a single geostationary 
communications satellite (ATS-3) to provide almost continuous, near, real- 
time position fix data and sensor information for a number of mobile 
vehicles (ship, buoy, aircraft, balloon and auto). It uses the transmissions 
from the U. S. Navy's Omega navigation system, a long range (10 - 13,000 km) 

transmission system operating in the 10.2 - 13.3 KHz frequency region. 
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Reception from two pairs of Omega stations provides sufficient information 
to perform phase differencing measurements and give a position fix. In 
the OPLE technique the three Omega signals received at platform electronics 
are converted upward in frequency and transmitted to the geosynchronous 
communi rations satellite for relay to a ground station. Position accuracy 
is nominally + 3 km. 

Multiple Satellite Ranging 

This real* time, nearly continuous technique for position/ location and 
transmission of sensor data employs multiple, geosynchronous satellites 
whose field of view encompasses the tracking region of interest. A trans- 
ponder is employed on the animal, and, on command from the ground, range 
signals are sent to both satellites. The satellites relay the two range 
signals and sensor data to an earth data collection station for position/location 
computation and sensor data processing. 

This technique will normally require high power levels, five watts 
or greater, to reach the 36,000 km altitude of geosynchronous spacecraft. It 
will also require approximately six satellites, at a substantial costyto 
provide near global coverage, which will r.ot be required by other disciplines. 

In addition, these types of satellites do not view the polar regions; 
experiments Involving polar bears, walrus and other polar animals will require 
other systems. 

Spaceborne Interferometer 

Numerous studies have been performed employing a satellite-based, 
long baseline (hundreds of meters), angle-measuring interferometer located on 
a geosynchronous satellite (three will provide near global coverage. 
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excluding the polar region) to provide a real-time position fix. Sensor 
data can be modulated on the signals transmitted to the satellite or could 
follow immediately after for relay to a ground computation station. The 
interferometer consists of two mutually perpendicular , crossed elements 
of about 100 wavelengths. An angle measurement is obtained between the 
moving animal and one of the baselines of the interferometer upon reception 
of a radio frequency signal from the animal's transmitter. A second angle 
is determined using the second interferometer baseline. These two angles 
plus a range measurement between the satellite and the animal provide 
sufficient information for a position/ location fix. (See Interferometer 
Figure 31 on the following page) . 

Implementation of long baseline, spaceborne interferometers has not been 
carried out and appears to require technological advances. The ATS-F 
will have a short baseline interferometer operating at six GHz that will 
provide experimental information on accuracy potential. The longer inter- 
ferometers will require stiff booms and accurate information on satellite 
nutation to achieve position /location accuracies of better than two to 
five km. 

Ground Cased Position/Location Systems 
Radar Techniques 

Radar techniques can be divided into those related to surveillance 
radars and those related to tracking radars. Several S-band surveillance 
radars are owned by NASA. One, the AN/ASR-7 at Wallops Station; . has been 
used briefly as part of a study to determine its sensitivity for bird 
detection when used in different modes. 
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One potentially important use of surveillance radars for wildlife 
monitoring is animal tagging with radar transponders. In existence today 
is a simple 50 g transponder which can be triggered by a surveillance radar 
to transmit information at a second frequency. When the radar is appropriately 
modified to receive the transmitted signal, the location of the "tagged" 
target can be displayed on the radar P.P.I. scope or automatically recorded. 

The detection range of the transponder depends on many factors, but under 
appropriate geometry a range of 100 km is possible. 

. This technique is not limited to flying targets but can be used for 
monitoring animals on the ground, in which case, however, the range would be 
much reduced. 

To date the primary eapability of NASA for animal studies by radar 
lies with tracking radars. In general tracking radar offers the capability 
of studying the flight characteristics of airborne targets large enough 
to be detected. These include insects, bats and birds. The basic 
information to be expected depends on individual radar characteristics / but 
suitable radar choice will provide position as a function of time for single 
targets, the number density of "targets" in a suitable region around the 
radar, and the radar cross section of the "target" as a function of time. 
Interpretation of these kinds of radar data* in terms of biological information 
is still in the research stage. However, it now seems possible that birds 
may be classified according to flight characteristics such as wingbeat rate, 
continuity of wingbeat, symmetry of wingbeat, altitude and speed of flight. 

Some indication of whether or not the bird is in long distance migration is 
also possible. 
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Identification as to species is less certain. Work has been done on 
this using signature analysis of AGC records, but the scope of the work has 
been limited. Three to four years of effort are required with signature 
analysis before definitive answers are possible for a meaningful number of 
species. 

In any application of radar to monitoring the densities of targets it 
must be recognized that a radar target can be a multiple biological target 
composed of all objects within the pulse volume of the radar. Pulse volume 
depends on many factors, some of which cannot be quantitatively determined. 
However, with the best radar systems available, minimum values would 
typically be 50 m^ at 10 km and 6500 m^ at 50 km. 

It should be emphasized that tracking radars as they exist today were 
designed for targets with relatively high angular rates. For the application 
for which they are designed, tracking mount jerk and jitter do not seriously 
affect tracking accuracy. However, before extensive precise tracking 
experiments at low angular rates are performed, a systems analysis of 
tracking accuracy is needed. It may be necessary to redesign or modify 
existing mounts to meet the needs of biologists. 

Other system modifications that may be necessary, but are usually 
available, are linearization of AGC output and provision for AGC frequency 
response above about 100 Hz. Careful consideration must also be given to 
data recording techniques since those in standard use at most radar 
facilities are not optimum for biological programs. 

The primary NASA tracking radars -•> established for satellite tracking — 
are the C-band systems located on Figure 32. The most powerful of these 
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radars , the AN/FPQ-6, has tracked birds at a distance of more than 70 km. 

NASA has allowed biologists to obtain data from tracking radars 
located at Wallops Station and Bermuda. At the same time grant funds 
have been provided to obtain cooperative data from surveillance radars 
located on Cape Cod, Antigua and Trinidad. 

Also in existence are S-band and Ka-band tracking radars, located 
primarily at Wallops Station. The S-band radars are the AN/MPS-19 systems or 
modifications of them. They exist at fixed locations such as Wallops 
Station and in mobile vans. The Ka-band system exists at Wallops Station 
but is presently limited in usefulness because of tracking mount 
restrictions and lack of necessary circuitry for obtaining AGC. These 
problems, though, can be overcome by direct modification. 

One other system owned by NASA but presently under operation by the 
Johns Hopkins Applied Physics Laboratory is the Radar Atmospheric Research 
Facility (RARF) located at Wallops Station. RARF now Includes the Spander 
(S-band) tracking radar which, before 1972, was available from NASA for bird 
tracking studies. Included in RARF are UHF, X-band and S-band radars 
as a unified facility capable of giving multiple frequency information on 
a single target. The radar cross section of birds is frequency dependent , 
but the optimum frequency for identification of certain size ranges of 
birds needs more research. 

Another system, totally unexplored for wildlife monitoring capabilities, 
is the high frequency over-the- horizon radar. This system could be used 
in conjunction with a radar transponder in the same manner as the 
previous sy terns. 
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Other Ground Based Position Systems 


Continuous wave (or sequential) transpondlng system using phase delay 
of subcarrier 

General description . This type of system consists of two major 
components, a master station and a remote station. The master station 
sends out a radio frequency carrier modulated with a subcarrier. The 
remote station receives the modulated carrier and demodulates the 
subcarricr. In the continuous wave version the demodulated subcarrier 
in turn modulates another (different) radio frequency carrier which is sent 
back to the master station. There it is received, demodulated and 
compared to the original subcarrier. The phase delay measured is directly 
proportional to range. 

A variation of this system operates in a sequential mode. Upon 
receipt of the modulated signal from the master station the remote station 
phaselocks an internal clock to the incoming subcarrier and goes into a 
hold mode. Upon cessation of the signal from the master station the 
remote station transmitter is turned on and modulated with the signal in the 
phaselock loop. Back at the master station this signal is received and 
compared as before. 

This method allows transmission and reception on the same antenna at 
the same frequency, greatly reducing size and weight requirements. In 
both types radio direction finding techniques are used to obtain a bearing. 
Range and bearing fix the relative position of the master and remote stations. 
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Existing systems . Systems utilizing the first technique are commercially 
available in designs primarily Intended for such applications as position 
location for geophysical survey work. Typically they employ microwave and 
laser carrier frequencies and multiple subcarriers to resolve lane ambiguity. 

A system utilizing the second technique has been built to monitor the 
position of porpoises undergoing training. It operates at a carrier 
frequency of 31 Mile and a subcarrier of 10 kHz (13 km lane) . 

The geophysic equipment would not be readily adaptable to animal work 
without extensive development. Their microwave frequency carriers do 
not perform well on low silhouette targets, and their size, weight and power 
consumption would have to be reduced by several orders of magnitude. The 
sequential system (#2) is presently configured in three cylinders 1 1/8" in 
diameter by 14" long. With its pressure housing and battery pack it 
weighs approximately three pounds. Without the pressure housing the 
weight is oi* the order of one pound. Range is zero to 9,000 m with a 
9 m resolution and typically 27 m accuracy. 

Proposed systems operating at lower carrier and subcarrier 
frequencies and capable of ranges from 160 to 320 km are feasible. Antenna 
size becomes a problem, however. 

Development Necessary . An operational system compatible with a large 
marine or terrestrial animal exists. Adaptation for other applications 
where present size and weight are acceptable is an engineering task. 
Significant reduction in size and weight or extension of performance 
require engineering development work. 
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Standard Radio Tracking (radio beacon and direction finder) 


General description . The system consists small radio beacon at 

the subject and single or multiple radio direction finders. Frequency and 
p over selection are based on subject size, habitat and range. Position 
information is obtained by tracking or multi; a bearings on known baselines 
(triangulation). The radio frequency is also used to relay sensor data. 

Existing systems . A wide variety of radio beacons and direction finders 
have been built and used. Many are commercially available. Beacons range 
in size from about one g, compatible with use on animals like mice, to 
very large packages on the. order of 10 kg, used on elephants. Frequencies 
used cover low broadcast bands (.5 MHz) to 400 MHz. The kind of receiving 
equipment Includes simple unipurpose receivers with some form of directional 
antenna such as a loop or yagi to automatic direction finders using 
eight arrays. Some systems includ<~ automatic, instantaneous display of 
bearings with facility for automatic identification and recording of 
events and bearings. 

The tech tology of radio tagging is in one sense highly developed and 
it. another Just beginning. Small systems are generally restricted to 
monitoring a small number of animals, and their operation is carried out by 
a very small group of people. Technology exists to expand these standard 
systems into networks, but adequate individual funds for individual un- 
coordinated programs can rarely be mustered for investment in equipment and 
operational manpower. These smaller tracking programs serve to carry out 
the crucial step of identifying technological and operational problem areas 
associated with capture, handling and equipment /animsl outcrface which must 
accompany any tracking program using active or passive devices on the 

animal, no matter what the scale of the program. 
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Additional Development Areas. Equipment now being used is being invented 
and re-invented by each user. Successful programs usually can be identified 
by a good communications link between a biological scientist and a 
technologist or an exceptional biologist who has mastered the necessary 
equipment technology. Development in the area of general application 
modules or techniques is Indicated. Their objective would be a family of 
devices or equipment backed up by technical support to interface the 
equipment with the program. 

Passive Tagging 

Several techniques have been utilized extensively to date. Passive 
tags have been designed either to identify the animal after recapture or 
death or to increase its visual contrast to allow visual identification. 

Recent programs have been aimed at development of passive tags which, 
when illuminated with an electromagnetic source, re-radiate a coded signal 
for identification and counting. These systems use codes which allow 
very large numbers of individuals to be Identified. Their present 
envisioned usage is primarily ground based, as in the identification of 
trucks and cattle (two known programs). It is conceivable that they might 
become part of a future system in which a satellite was employed as an 
interrogator and response relay. 

Ancillary Data Systems 

Orbiting satellite systems (other than geostationary) can be increased 

considerably in effectiveness through the use of ancillary systems. A 

single polar orbiting satellite operating only on the bright side of the 

earth will pass a given point at the lower latitudes only once per day. 

Yet some wildlife studies will require more frequent data coverage from 

sets of subjects. It seems reasonable to obtain such additional coverage 
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through the use of receiver ntevorks which are ground- (or sea-) based. 
Indeed such sy.9teras--using NASA technology- -could go far to ameliorate 
severe communications problems known to exist with both pelagic marine 
animals and certain terrestial creatures. 

Sensors (At Subject) 

Among sensor technology immediately available are some devices: 
fairly completely developed for application under field conditions 
or presently useful only under carefully controlled laboratory conditions > 
while others are poorly developed or unavailable. 

Sensors generally are either of the implantable type or those which 
are surface-mounted. Past NASA developments as well as dynamic efforts 
in the medical field have produced a number of devices and sensor systems 
potentially appropriate for application to the wildlife program. 

Since the wildlife effort here must relate to both the physiological 
and biochemical status of the subjects as well as environmental data 
local to the subject, both general classes of sensors are described in 
the text on Page 34. Where limitations in application are known, they 
are stated. Where known, clearly defined gaps exist in sensor technology, 
they are indicated. 
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Applicable 

Now 

Existing but 
Limited in 
Application 

' Developmental 

Physiological 

Physiological 

Physiological 

Temperature 

EEC 

PH 

Heart rate 

EKG 

Gas tensions 

Blood pressure 

Blood flow 

Enzymes 



Pollutant absorption 



Voiding 



Pregnancy status 

Behavioral 

Behavioral 

Behavioral 

Simple physical activity 

Heart load 

Complete activity 

Orientation 

i 

Selective activity 

Food/water intake 


! Phonation 

1 


Feeding events 

! 

ORIGIN 

Of POOR Quality 
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Addendix G: Principles of L a boratory Animal Care Developed by the 

Aires Research Center 
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1. >'ll animals used for experimental purposes must be lawfully 
acquired, and their retention shall be in strict compliance with 
federal, state and local laws and regulations. 

■i. Research projects involving animals must be performed by, or 
under the immediate supervision of, a qualified biological scientist, 
wit a Doctor of Veterinary Medicine in attendance. 

3. The housing, care and feeding of all animals when undergoing 
preparative techniques shall be supervised by a properly qualified 
veterinarian or other biological scientist competent in such 
matters. 

». All animals must receive every consideration for their comfort; 
they must be kir.dly treated, properl> leu and their surroundings 
kept ia a sanitary condition when held for preliminary or pre- 
parative tech' .ques. 

3. Rooms in which animals are to be housed shall be provided with a 
floor which can he kept clean, and the room shall be lighted and 
ventilated. The temperatme shall be held within reasonable limits. 
Enclcs.ires sho^d be of sufficient size to permit the animal used to 
stand or H» in a normal position. It is generally conceded that 
animals maintained for long periods arc in better physiological 
condition if they exercise regularly. Species housed out of doors 
shall be given adequate protection from direct sunlight or inclement 
weather. 

6. "he food and water supplied to all animals must be palatable 
and acceptable and of sufficient quantity and proper quality to 
maintain the animal's good health. 
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7. In any procedure likely to cause discomfort the animal shall 

be anesthetized and maintained in that condition until the procedure 
is ended. A PVM must be in attendance. 

8. The care and housing of individual species should be in accordance 
with the recommendations of the Institute of Laboratory Animal 
Resources (NAS-NRC) as these are issued or revised. 
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APPENDIX H 


Summary 

of 

Sensor and Platform Capabilities 


209 




vanaowiu 



Appendix H contains more detailed data on Wildlife Monitoring sensors and sensor platforms. 
The following tables are included: 


Table 9 
Table 10 
Table 1 1 

Table 12 
Table 13 
Table 14 
Table 15 
Table 16 
Figure 33 


Wavelength and Frequency Ranges of Operation for Remote Sensors 
Aircraft-Bome Acquisition Systems 
Earth Resources Aircraft Program (ERAP) Camera 
Sensor Systems (January 1974) 

Future ERAP Sensor Systems (January 1974) 

Satellite-Borne Acquisition Systems 

Skylab EREP Sensor Systems 

Satellites Presently in Orbit 

Planned or Proposed Satellites 

Calculated Location Uncertainty as a Function of 

Target Distance of Various Range Accuracies 


210 



TABLE 9.- WAVELENGTH AND FREQUENCY RANGES OF OPERATION FOR 

REMOTE SENSORS 
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TABLE 10.- AIRCRAFT BORNE ACQUISITION SYSTEMS (Concluded) 
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TABLE 13.- SATELLITE BORNE ACQUISITION SYSTEMS (Continued) 
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TABLE 15.- SATELLITES PRESENTLY IN ORBIT 
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TABLE 16.- PLANNED OR PROPOSED SATELLITES 
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therefore Incoapl etc . 

It is planned to launch two of these spacecraft on one launch vehicle, and ostinntrs arc hosed on oaploring this 
approach. 
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